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An fttte: ;.pt hac been retie to  understand the o f f n e t u i e
of b r i t t l e  BceitriAls undergoing tsdUu&al co prsasion* In  t h i s ,  a- aoiEenG 
o f rock se re  u t i l i s e d  to  civ© a x *  indic&tiona of t.xi behaviour or b r i t t l e  
n& terials in  g m m l f  auru of concrete in  particu lar*
A tee iee  of relevant publications la  ^ivsn* to#©tfer e ith  a 
AscdptlDH of the heveiepoettt of experinental equi^auont, miieh dSMtnded 
careful &t entlon for 1  *© resu lts to ho aeaniiigful*
dsperiiaontal '®ork perfeaasd in  m alestelly compressing eessJUL 
cylinders o f natural rock ana a r t if ic ia l M aterials under a variety of 
lor-, ling co o il tic no*
feeauraaenta were saaio of t h e i r  surface s t r s im  using mechanical 
arid e le c tr ic a l  pongee in  the longitudlru&l ana eircusaforervti&i d irec tio n s  o f 
tm  r ; eeisisns*
loading oond iti -m wz&fayed included tise use of s to o l p latens a t 
c irc u la r ,  r ir i  ;-s& p e it dcned enci poin ter der-i re* nus&et o f rub-. Late?: 
s u te r ia is  were Jjwestig&ted, and t©. t s  oero a lso  parf canned upon rock u,- eel- one 
in  tbs in d ire e t te n s ile  test*
Graphe have boon drawn to  i l lu s t r a te  tb s v a ria tio n  of defer a tion  
a t  various po in ts or, t i e  specimens* su rfaces, end in te rp re ta tio n s  of t: esc 
re s u l ts  are piven in  conjunction with an ^m lye ls  o f ©titer physical aspects 
of deforcr-tlon as si fr&eture*
A possible f rac tu re  • echaniara i s  eu&e&ted fo r  b r i t t l e  m a te ria ls , 
which i s  m  a lterr-a tive  to  t t e  eenventlcsieX unaerstandiif. of a u n faa ia l 
cor gttwssioo fa ilu re*  -be isBgdicetions of these eiii^eatlone are studied  in  
the conotuatom*
fieeenuNU&tions fox* an acceptable a lte r , a t iv e  to  t i»  concrete cute
too t are analysed*
A o i * * * * *
(n) ?;rterfclonc o f  too |extsoni vart 
(Ij) Ocxlsatim ©f irAiaritua f o r  ion ting  
(c) S^ortaxvteX ro .
A ,s^lo>tr.Of GiGfin * *. . ■* * ■ • *
<6> Glm-ad-ss o f  fo ilx^o
(b) I fv'.iJ'Lj.'sc-f fy o o te o
(e ) cxrilyrGn
(a) % a o ;te i  tiofoxsotlon
(c) f?r,o o '.c^st - o f  GuciGtx j „vl:-risl« iooieJVi ' 
AirvinT^nfvIIIxlM-Pf.1 ..p/S .^ , I I '« * >
(n) rTjefften p^pcaxG.icn ■
(b) Kta&n ££^urln£ eauipsont
(c) te s t in g  enaiioxint
J i S l l  In ■ :b«rh CGrxrvtcr *$j^2ateb Go&aeG thKougjsb ' * 
C ssir art! faces? the i dT„/ar e x;r*l cC Gen f y /O f :^■9 v wh*# ** v ***■**,«> «** < ■
cutCvGz fctrairrt cm
(&) fbLVX^;i:or;r grov&to 
. ■ (b) < onr; to end a rat^c of rode if^on 
G & ail '* a ? a a ,tlitx:atnr c la m o r s  iloofco: tftcG#x # 
th e i r  em  facess f l s  ao&OTseeni of cLrgxxtforpvitiaL 
surface oirnloo or
(a) l a mcoimjcss* g r o t t o
(b) Concrete* r e r to r  ana eereni
(Continued) ■
I ffirt, 5 'Zvzo inch dieiaetor. cy linders or jrook loaded 
aerorc a -^iareibrj too r^GCrarsnani of curfgge cizazwj 
on tt end fncea
ifeyt.4 ' r£hs raaoarrnoni. of go;,.- s&^olcaX .properties 
of ii:o r.goctenno :
(a) T1k5 -dotcsodnation of s ta t ic a l  f r ic t io n  between 
rocfcn o r concrete mid utooX.
(b) ;aerurewoni or id rn to ro  ca^loB
(c) A corui&Fiaon o f s treng ths a t  fra c tu re
4jif■ cu,tn r  t- CAfO f tc • « * « » #
fynyfa-.ic^T. « * • * # «
r^eycncos • «. « . * # *, #
|& £&
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I  dedicate ih ic  tkeo is to  it# parento* in  a s s o c ia t io n  
of their devotion to ■ tin  education of th e ir  cbH&p&n*
1 deoira to  m toi'd tap thanks to  Egf cqIIoo^cj:-* I t*  t . I .
>yClTXii«j a .5* ; .’4?#  ^ c-4 ivi .iJ'i.*’* * wfe! i|i,fcaS X v jj s..;>0* £ p .;■.#•*, *'v *.: j**>
f o r  tu e i r  help  iw niifyr to^h-Cc;! kji!  tbsoretic&X c&nnid c?3t lexis of
l.hifi i o^rii*
of the, rrenxnt. y orb
I t  bn. Im&n i t s  experience of the author th a t  com irao&vrst o f 
disagreeinert e s i s t s  ©songst c iv i l  engineers veg&s&ing ilia exact saim ar in  
tshich a cube of concrete f  r a s t e r s  (b ring  imlcudal co rx ess icn #  inch 
re liance  ie  piece;! upon iba m su ltn  o f th is  to o t in  ins cm ellty control o f 
concrete* • but i t  has been observed th a t iim corps cso-Iob can produce f ra c tu re  
in  a msribar of. d if fe re n t urrya* .b> .such a  nitu&ticn* i s  the * rcolon 
fe e t able t o 'give a se lla b le  • and co n sis ten t estim ate o f the otronijth o f 
trio a ia to rirll
3 o  fa i lu re  of a  concrete omcisnnn can take place by a x ia l  
cleavage o r by the fonaation  of osd cones o r irp'aisido* aril those ora 
ao sc iiass  considered to he d if fe re n t p a rts  of the sane sy s tc s  of frac tu re*  
Furthermore* the; production of e ra  corses o r  pyrarduo is; normally ensured 
to  he a aheering fa i lu re  since the angles o f fre e  tart; am  o ften  about 45°* 
however* th is  in  a  con on angle in  the c u >r ‘ a ;  ;1 .** of a  cube* and it" ie. 
po; vd.ue th a t I ff ; * r, be i s  only a  re f le c tio n  of the shape o f the apocl^n*
fir  u i v x b t l  t?ori: lias Id.*" /  r fe ru  a on Dory aspects o f th is  
subject* and ta la  p i l l  bo b r ie f ly  reviewed in  Ciiopior 2® l&veri&elesaji 
i t  has Bean observed by the author tla it tho tmimcinl ccavm soion o f b r i t t l e  
rook m ateria ls doss not m u rd l$  pive r is e  to  42° frac tu res*  I t  i s  t ' 
evident t m t  the frac tu re  surfaces of hard rock:; thus ter;ted rhov l i t t l o  
sign  of the tihearing raove^entw v?hxc^ i a re 's o  riotlce&blo on th e i r  nlickessiclod 
equivalents in  nature* Indeed the f ra c tu re  surfaces of the fanner am  not. 
ejuooth but o ften  co ~ of angular fra i^ u a ta  of a sine comparable v&th tbs 
c ry s ta l a lto s  o f tbs rrdnerala* Often tbs abas’;) p a r t ic le s  rosoinstxr on the
I  *
iaimiuQTm-1 g ran ite  
■,5^ 5,:\m,l fraotuor* comr. of I** dleiaoter rock c^llntiar© te s te d  
in  the present w  >
■aurfaco dioplsp cracking in  an ©gpocdin mm® to  that forced during a 
rftearing failure* *%'& eoraition of the  foxncr aurfccesi oogaoata that 
v  ^ arnre boon palled.'.npnj-fc irp toir/ll- :nnn;,entr<*
llw? ob jec t of il.e proroot to rt: l a  to  ©orpsre ■ feature*? of concrete 
aidl rock apocissooa during u n iax ia l oou^ra«aionf arXl* h i hi t o a d ,  to  
iR ie rp m ts iho behaviour of concrete fro o  a  study '»f n ic ilf jr  oasti. •* ,s of 
rook* hlis d i f f ic u l t ie s  of producing accu ra te 'concrete speeitusns fo r  
ta s tin g  are evident i f  to  eom ldor only the ’©1fo o ts  upon th e i r  disooaioos 
of I^fcr&tion and ehrlnU'g during n&aufacturc* I t  ttjolt dam aoimrt'cm. 
fra c tu re  in  a o i s i io r  tsarner to  concrete tbs i c^r C i.it lcri w ill  lie. of va;uat 
fo r  a .tsoXl*»seloetad took i s  a pore ta n g en t s. u. s i c i l r !  than concrete* ' and 
also  i t  in  o r d e r  to  p re p n e  roc& jspecitawas n&th acciutat/#
Ihus, i t  i s  the  in ten tio n  of th in  work, to n iili.no  the au thor#s  
association  with geology ark rock rochonics to  a tte r.p t an tidorn tcjd iip^ of 
tbo woohrrdsca. of concrete fracture** mii a p.'-oChle iCTroverersi In  Iho' 
in te rp re ta tio n  of the re tn u is  of the ea .pressio;; ten tin g  ©f eonoroto*
fid s  anaocioilon c f  tbs natural ana physical oelencotj a s  men 
lone established ! _ C  lazily#  siren iomsrt Hood (adk; •* 1705} $ s tiaae 
i s  ladtrorselly rocs -od in  the -field  of ain.n, „u of tauierialn, f i r s t  
idcntlfi-.*. m m  fundromitel relationship** in  iho strati* vrpl;p o f eeairiontary ■ 
geo-v,, vn.1 deposits*
(h) d  rglgcgiun offp;r1ar d c ..teating
hvxix'c dooidod to  adopt a s irg lo  fools type as the standard rn.te.rlnl 
fox' the investigation , i t  was nscesasrp to se lec t tbo : o :t nu liab le one fro:*: 
tm  very vide choice aveiXcmo in  nature*
fetrso jp fie  locks In gervrsk ware discounted because of th e ir
geological oocp lcalty , ta r in g  l: rgo v a r ia i l  a*, in  litho logy  and struc tu re*  
i Gw.Irrrtcxy rood,; cent? a lso  elim inated m  i t  pus toped to  avoid d i f f ic u l t i e s
fro*1 v a ria tio n s  of ro isiu robonten t associated  wit); th e i r  poreur nature* ' • 
Ids choice of mi' igneous rook type fms ncde uaing the foliovdng
c r i t e r ia :
I* I t  should ho o ryo id lim *  1*6* t»&»£l&&£jy
1* i t  should ‘have a  unlfone c ry s ta l  cine
1* I t  should oo lUTseathored and' ureki.uv.. cx;:;sieally
4* I t  should t o  f a i r ly  r  1© petr^ou, le t H p* i»o* coxitain a  lim ited
nm ber of m lm ralo of pauy recognition  
a* I t  ahoulu contain l i t t l e  ox* no frao  a l l ie n , m  ta le  rd n era l 
cad© api>jecidbly to  the t i  ;.a o f pT&piscition 
0* I t  should 'he a rjrovioua-ly isxveotigatod ixch in  rooeareh vzsri:
7* St ©toald be capable o f producing high streng th  concrete f  rm  i t s
crashed cppreipia
8* I t  should bo derived t r m  on igneous co-urea su ff ic ie n tly  largo  in
volume to  m lr.ic lr . the iu : v * lo g ica l chy a c to r of too rock
9* I t  raouM be excavated* crustod end d is tr ib u te d  ea'w ierolclly
choice t to n  ©eeaed to ' l i e  between f a r ik ie ld i te  from 
L eicestershire* a ctolorlie o r  f e ic i t c  from horilea. kudund , i:mt 
Ber^aoiSKanr g ran ite  €sxa berth  H e r #
Iho l a t t e r  rock moot eio*:eg; jpq ©cabled the re^ u liw ^n ia  s e t  out 
above, and vdtd the e^ o ^ ^ & tlo n  of ado I©noeenemrr and dele!: C rauiie Co*, 
aupplie© of the ' i d  mza  o lta im d*
Ibnnoeniem* oiom  la  o Qu£oPr>dru;PetitoHiaboco., vkoae 
* r  i  i»a intorgio^vth of aaarin  and orthcclcco fe ls p a r  favourably
influences i t s  plpoieaX prnmsrtioa* I t s  oneai'rc.nca In  OEXkn/Iclari. tiao a  
took the foxti or a  la c c o li th , o r aoisc-nhuped unlorgrounl. I f te  of igneous 
tock*
’ cAural o ther v of rook tvoro obtained from rovTeX outcrops 
ard eoanayo ;tw p;o, and those were used f o r  the aotrax.frmtion o f  •
HungH  a c d u lii ,  and occasionally  in  tpmdaXlied tes ts*
(c)
The f i r s t  part.-of the  eapofdaumtGl vaik rolato:: to  Ho u&nmireoEmt 
o f Xos^iiu&inal n tm ln s , unlor various too ting  a rru rc r  *crd.o? f o r  a  v a rie ty  
of su tu ra l an t a r l l f i x l d  latorialc* IM u work a lso  includes tlse i n i t i a l  • 
Sovetopmnt of the  ^ ^ ,:v t!o n  ioctoxaucu, t to  too ting  procedure and the 
cjsasuring aiTxappxasniu*
■ *Zm accord pert, of ilia work involved tha 'doteriiinatloii o f values 
of c ircu :.fe ron tIa l or s t r a in  fo r  s im ila r m tori?.lo* Hero i t  t/nn Hoped 
to  e s ta b lish  th e ir  dsfoxosu shapes under compression, aril a lso  posuiblo 
rlnnan /tu  toward" a f ra c tu re  r^chanirr^ 1
di*o td ln i p a r i  nac the ecmtliiuailon of an, a iio a p i to  ob ta in  t to  
s tra in  values ana frac tu re  nadianion fox- ids pDrileuXpr cane o f a concentrate 
point l,oadl«|> Ida te s tin g  re t ie d  horn employed the confifruration o f the 
I3rarji2i.cn o r  in d ire c t te n s ile  H at*
Ida fou rth  port v v mod w ith tda amvEuresont of various 
pr&Blctil propsrtion considered v U p i f lv r a t  In  t i e  urdtkd.pl tea t*  ifsn e  
vcra ill© evaluation of i'rletlanal prornrlioa^, t 'a f  Fdae:: of iro o tu re , ord a  
cxiperieou of tan fa ilu re  strengths*
h VGs/im? o f prewlocm work 
{&} Hppid.es. o f fa i lu re
Hie ecrli& st p ra c tic a l tooclod; * o f b r i t t l e  f ra c tu re  cmci to w  
been aquiro-3, by Stone /gp son in  Ills fash ion!ne H ploren to  of f l i n t  em  
o t to r  ©tons* in  a desire  to  rornuVictara a r t i f a c t  o the t-tv.nsr,o:.i o r of 
400,000 years ego could vssXX diciinguinh  between b r i t t l e  m ateria ls and thoir- 
fra c tu re  proportion imdsr Impact loading* . Gdcloy (1907) hao i l lu s t r a te d  
toe mxmor  In  ofileh cones and f le ia a  o f f l i r t  coaly to  confiden tly  produced 
with m  ncem ntc pm dictzon of th e i r  f ra c tu re  angles*
I'zomnt th eo ries of* f a i lu r e ,  willed might Imm helped to  exp la in  
such fra c tu re  proce&siec, have tocn extensively  ttov£a?s>& by, fo r  e%aapl©f 
mikiI  (1950) and I'brln (XCJ5&)* and w il l  os only b r ie f ly  cussiarlaei hero*.
(a) uto various! p rin c ip a l s tre s s  theory, which asms esperlsoB iera m aintain 
i s  the  c r i te r la  o f f  a llu re  f o r  b r i t t l e  fv&cture* s ta te s  th a t  f a i lu re  
of a m ateria l occurs when cm  of the p rin c ip a l s tre sse s  oom le a 
charset eristic? fa i lu re  a tree  a 
(fc) rihe m s& u a  jsrineInal s t r a in  tto o ry , which together w ith (a) fa il©
to  cj.cc r o to a l l  the e;;pori»otttcl f a c ts ,  p a r tic u la r ly  when consider­
ing tri&xi&L loading
(c) I to  majHnrs s tre s s  in fe re n c e  (o r norlnisn shear s t r e s s )  theory*
IM s theory dates from the tto o  of tbubo * * ana s ta te s  .-that fallta ro  
occurs a t  a point when the difference? he tv/eon the i;px?aIosi and le a s t  
p rin c ip a l s tre s se s , the ato&riiig o tio se , I s  ecnial to  ccsse d e f in ite  
value* Kavier modified th is  theory to  radio allowance fo r  the iio rsa l' 
pressure on the fa i lu re  p lane, which gave r i s e  to  the concept o f the 
CGefflei&nl o f IntorsisX fr ic tio n *
1-ohrto d o v e w of ifdn theory Goaunoo th a t a t  fa i lu re  
the  noxmd. anii . 1- , r  c2v: a&c am  fu n c tH m lly  re la te d , hut in  a  
l in e a r  interns e la tio n  th is  reduesn to  i to  CoulcnlH avtor fcisalyrdc
(d) the oojciciiim alm&r ©train theory, caesium© a H a ltin g  condition  f o r  
fa i lu re  to  bo .c ith e r  a  msxSum s tra in  o r  a aaaianm ©boar# deeosxling 
to  baegar (it 1C) i t  can re la te  to  the d irec tio n s  o f timhmigad length  
in  tho s ta d n  © Illpso id , which r i l l  give a  fra c tu re  o f 45°  to
the d irec tio n  o f coaprosrion in  the erne of urdcrdal loading* tk io  
©earn to  da in ronn la ten t w ith much cKpariaentai d a ta
(e) t o  immkiiuc shear strain  energy theory, -associated .with the rimcc
of Huber snS, 3 ensure© a lim itin g  e a m to ie r ie i ie  value of energy
zme to  ©tear t. b i t t e n  ' in  the m aterial* l a e l  gave an in te rp re ta tio n  
c f thin in  ta rn s o f the r/uc&rirc ©trees across a  surface called  the 
octal© oral piano
She©© viadcm: c r iter ia  for  failure be by the m y in
w.ieh ih o ir  predictions f i t  the cx?teltem al roouXle* feme o f the theories 
Bxm roro appropriate to  iho yielding o f duet 1** £ teeter?.©, o f  rn.n give a 
better ryprer/iction o f eith er ie m ilo  o r  o f c.ir 20© lea  friiliae*
(b) *fec&ant of.., j'gfccture,
Tim op vMel .., t ciraons ierdca in  urdacdsl co ;;cn c io n
by various roosareh n’orkers* hove broken a t  f a i lu re  in  re in v est to  the 
present study* BrXOgesan (XfilO) performed sang c la s s ic a l  -capcri: otvh, 
to  Baaeurs t i e  eh •* p in' yrolvao o f ' cpecS&s&s o f rocks* n io n ra is  tn*  t I s  
undergoing rdople compression* ' Figure £©1 shoes it ty p ic a l r e s u l t  obi&ine& 
fo r  tb s  changes in  length  isicl voiursD of m im o« Ills c jpo rira r.ie  nu^-pet 
th a t the iiTSvorrdblo phenomena of. fra c tu re  i s  prepared f o r  by the cppGarar.00 
of & large  xmarnlhl® mgv&tvo o f volusn*
Ihidai (JO h i) i t ,  u c ira ied  th a t in  Unicode! compression to o ts  on 
rocks? the greats; t  iltdo riion . o f the sxocinen usually  kofine a t  tie. capos of 
lie* caxpzmtmikm aurfneos mil i s  eejneejrtrafcel al-ory too con ies! oui*fn.co« 
s to r tin g  f r m  the ends of the cylinder* dXpuros Jj*£ and f»Sf•
Tjopz-Ttm-em f r s u  th is  type of f ra c tu re  chops iccre bscxse casieon*
: and iHuGir&id o f fo ile d  cpeciitnnn in  : ^cations o ften  chovr f a i lu r e
planes diagonally setose the specimen* ' (c*£> hatuor* G*G# (1955)* Figure 2* 
vhsse f a i l x'Jtc.- mm a tirlL u icil to  o sheering of iho spectvm.i sts rrid r:,: to  tlio 
Kohr ** Coulomb c rite rio n *  I t  i s  hero eiigrKddl th a t th is  explanation can 
overlook, the aigrdfieanca of the c rc s00 in i t ia t in g  a t  the edges o f the  p iston  
nrd a lso  the grievance of c f r e e t iro  angle o f about <.•&*■'* vMch i s  o ften  
.quoted fo r  a tmseimen height to  d is a s te r  r a t io  of 2*0*
If. i s  also  rscogrdf ed th a t so:?© b r i t t l e  m atsria lc  f ra c tu re  in  a 
mennsr dihfei'oni from hoik there  jaentioncd ©hovo* for' or as pie* 
cylinders conr-ictoitily f rac tu re  %dih e long itud inal s jd f lh in r  a c tio n  in to  ba© 
o r uotn ploses* Oeldesm?th and Grodbsrg (iDFO) i l lu s t r a te  tid e  phenomena* 
cm! a lso  eeeoeivler the frac tu re  r a d a r  io:s detected  b,y Faded in  th e i r  
erpo.sdxiofxto upon o ther rooks*
16.
C o m p re f ia l  v s  s t r e s s ,  p s i
Figure 2. 1
Changes during the compression of a marble specimen 
Bridgeman (1949)
Figure 2. 2 
Sandstone fracture
Figure 2. 5 
Marble fracture
Conical surfaces formed by the fa ilu re  of specimens in  
uniaxial compression Nadai (1951)
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G S O U P
ii ‘JT& :
■I*#? iil ©f XSmttt; *  •peetea* e  a t  ( *. i •<
' I f :
hniesdoX ooxfxnxxm  ten ts upon emcrxm  in  too i*f* ere nruoi...;; 
p e iite r s i mxsii eucicel arafrnro or priorr** £ad thm? r r iraci cci.napfrrr 
c" < „*. <:rotr c r i  a f ' .  ,’ar; »* /  of..?- i !?t i l r  rater:.:!* .It; f nr.' a; a / of: 
xbf fcTOPtx in txixxzm ionrni.r:> 5a ic  a fop,filar cf^rrrifion in crrrrrte  
3,f>orfArrox i f v f  in  f a  in iinro c? orrrerfo rf:aai;aaa« rcra orm irr  
cdmar^ofeaaaa e f r f  in  i f  a:: -:; x r f f  - e f  fro o *  . u -  *, , , f . tli c i  
vprexxm of' Cixxmix :;r f , r  r t i r a r i  ix xxxlxxdxoi p ffo n r  f f r r  failure*
. k i » or c ’i ! , % *r 1 f  , ... a  op f_ i  ; 3 f a  a . i r? r*
with iovepHmihrl enraf:* • : f  f a r /  both s f c t f f r  rra occur i f  f in e r  
c f  t f f  a a ifo  or |>risr» . f i f  i io r s f lc f  f f  pr/rul qpXltt^qg io  m m  to  eccur 
in  core a a a sa -ra e iio rc i ■rai.f'!rrn of ^ccfro ie  m m venm f to
f  iatnraoil op Idxim x of tbs f ic tc r lir n  o f l  fr s  eture .of 
n r f  urrr c,i X fso io if  f i l e r  fr fd tir  confining £&>&85S»»c h&o ic e r  OCOCC -'O' 
fccr l i f f f  )* rrnrcclucrf !x?ro In .f5n-o.ro f» &* ? c f  . f  e in  tho u fc fffr -"
('if too fraotare la  f^ .nw nt feeiueon unlcadoX ca fteso io ix  (ixmcismxi lb * 1$ 
l* l£  u t fd r  f ifc r r  fra iiw c )*  and tr ia r ia i corpsession * itli a cos^&dng 
vcrrcu f of i f  11 o iro r la jv ., {fpcclre-t if*  IQ}+ Tin le t te r  r lu o  an 
f a r e !  iioropfrcu ;; cuforrrtiers in. fd i j e i i le  the te s t  i f f r j
Ifco n tcr ia x  niter H i?. ’ strain  vns JflotleiU
The offLm rfior for  tr io  f u i f r i io i  in  fracture rmiiroisa* ran for  
tin ethers r o r i f r f r  ?xvvo« x c- i." ; f u o f  ; •• cX\'n.i,i„, - i iu  ilt? coHiiiaijO  
a t  ih j ix^cbyrx. to idoxpo- b f ara-cc*
,?cr t}jo r-/a.-o'it ..'tar.-' o tnpozvio  ana :.‘ocO ir? uoino. If'’l 
corrpi:aoa:}.':;.r^  5J. i - . xpcoppixx to ..nx  p. o.;on.5ii-ia:lo;; lnbp.m. a fox ir a  c" 
rpcKdarn- ir:.i-i.,:vi.j caor rr> era,; aa; h a. tin  os hi cs\:x.h o;; r r.yP.irJ.er), n:& 
that o f arrecntoal.'..'p:, ora at a point c-r .iirr van To i n  .r r r ii  tp';;;t)»
• 
i;
•theo re tical mb! e : - : y o r i - - v o r k  Imn 'boon ra r fo r ta a  by roooEroh 
xmrk&tn f o r  Ijoih Idas© eoo&iiions* slid both can 1© incluoci in  a r e n te r  of 
11 o tv-c robs !*rarootrlior, to  the csrc&n&ent of tbs f ra c tu re  ptasoisonott# tlau e
* * ee.&m by m  mzlyBiti of ois^oa tliot vltlch to  date i s  aainly
ilieorsilcaXs sm  by an exarun&tion of the e r ja r io o n te l d s fo ^ a tto n s  ioaciing 
to  fa ilu re*
A th e o re tic a l in v estig a tio n  of t no s trau sm  in  & c y lifd o r 
uoSer cv ^ «job tlueu-;>si i t s  eidin tsas sae&o by Ailori (Xffg) in  vhlch 
i t  m s  tha t a )  the ends o f the cylinder ncuo conofraXred to  rc rn l:i
plane* ( i i )  tAj ends r r r s  not to e;<pmia d o n g  th e ir  parirsetera* ( i l l )  the 
curved surface frcu  f ro s  stress*  (iv ) the average ioqgitmlr&X p a ra m o  
had a given val® 1 »
iho d is tr ib u tio n  o f atrocv cvj* tun glens ends taao m t  Ak u
fiiiA i t  m s  ones o f t ie  ©bjeeta o f tm  Auve. t i p i  ion to  discover i t*
. f i lo n  cncgy&Qd a nucssric&l e ^ j p l s  f o r  a. cy linder %-bose isoigfcl m e
unpim im ately equal to  i t s  disrotex> end f o r  v&lch thu ^ on* a r a t io  m u
escucaea to  bo 0#25* Sis u iram  d is ^ ib u t lo m  thus obtained ere sle^B 
graphically  in  figu res t*6 to 2*11*
I t  from tnJx anoiyuiu tliot t i e  ind iv idua l otxessco ore
g rea te s t around t in  p r i e s t o r  of the plane enda* td ib  a. reg ion  of secondary 
cradsm  a t  tbs centre o f the spectrin* Astu i lis t  f a i lu re  occur# 
o la a tie a lly  t*ndor the theory of i 'x m test c trsasg  ibks msdyc-ie to,Ad suggest 
a fa i lu re  a t  en sq *nntf. strength of about t>0i o f the e tre sg th  of & cy lin d er 
ten ted  under a  p e rfec tly  uniform lc a - j  * an ic  u n r i p  *. n u, » A ils 
in te rp re ta tio n  a lso  cugqeatn tha t crocking of a  rpeeXEon tjouM s t a r t  a t  tb s  
p n rie s te r  o f the eudr and ^  tcvj&rcio t i e  centre  o f it® jqpooi^n*
I t  fu rth e r upnes^® th a t i f  f a i lu re  in  p m iic te d  by cnl v the 
g rea tes t s t r a in  tbrosy o r  the g rm te n t nir*cn® difference theory* t i e  on&Xysis 
obtains a a in ilu r  p u tie ra  ©f r:®r±n® conditions cod craci;iry,* g iv in r strnrm tl® 
o f 65£ and respectively of those e je c te d *
llro^honk© n i l  Cooilcr (Xldu) have eoiniderod t i e  csno of a p la te  
utider a po in t load (Figure 2*12)* and sinned th a t t i e  d is tr ib u tio n  o f
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stissfs r  ?x^,el^j ir'Sfret& ty sa& t i^  ulsi;© ©  fro;,'. ti»
jjoiitt o f app lica tion  faff th e  fe;t;c  inury; r u*<# I t  ir> evident fm ?  ;'.t i;ro >:• 15
th a t  a t  a  d istance IV*© il© c-ad ?• t e  the r&aih of the d r i p  tm
d iu tr io u iic n  o f stre.u: in  p ra c tic a lly  uniform* Also* I t  I© st& tcd|.' I;©
& tm .rus In  the t r^ c m ir s f  d ire c tio n  *4X1 ha trmsmMo^i ibtmap* v&dt;;
a f  t i e  j>iata *&ih l i t t l e  c t o x .v  osccc^t the en c#
■ toss grata© euthors alco ana3; t o \m  d is tr ib u tio n  of sfem s re su ltin g
f ro  * ih t  epiO ieation o f a. concentrated tfosx» P ac tin g  a t  a  s t^ e l ip l  tour&^cv
o f aa In f in ite ly  Ijsi p^  f l a 'v  ( r if  ura *!*M)« Sse ©tress l a  okvm»8D& In  a
©Isml© r&di&X d istribu tion* . i&ara ©s$* elemstni a t  a  d is tance  r  f r a s  the  po in t
o f a ifd ic a tlo n  o f tho load Is. sufejeetod to  a  compression in  the  ra d ia l
S3-1 aos 8
d irec tion*  the ra d ia l  s te rna  being ©mial to  
© tress and the  shearing ©tesss ore aero*
M e  sm lp o is  i s  implied to  cylinders of. m te r i a l  %^mm th e  load 
a c ts  upon d iam etrica lly  oppoaoa i t e r a t o r s  o f the curved aurf&ee# , lha
nethou o f iso tln g  Iis then  re fe rred  to  as fee in d ire c t te n s ile  te s t*  '
B tesss tm&Lyirin hm  been, carried  out © x p e rte n ta lly  on the  above 
top ics by employing the techniques o f photoeiauticdty# Coker* E llon aim 
J@ai;op (105?) to c s r ib e ^ ^ e r to n tu  fo r  recording the © tresses i n  a  short 
reotm iguler transparen t block oaspressod bei©©ea b rass endspXate©* She , 
general charac ter o f th e i r  r e s u l ts  i s  shosm in  Figure 2*15* 1b t?ldeh the  
©light m n~unifo;m iiy o f the d is tr ib u tio n  i s  a ttr ib u te d  to  the im perfect 
. in  iM ch  the pressure applied*
Sheee authors a lso  investigated  photoolaslicaXXy the problem o f a  
c irc u la r  d isc  loaded along' a  d isaster*  using a  b ak e lite  uodel* iho rosult&  
of th is  experiment tor© developed fu r th e r  by Jessop and H arris (1949) using
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o, ' c&osoier disc* f t e  m rife tio a  o f the mxSmm sn& %&nwm^
pe&tiS&gpl -stresses* T am  i s  s t e m ' i n  f ig u res  g*X& to  2*16-.# 2 t I
not* no far* proves pooLlfciO to  m ntim o  - the jiioioels& iie sssisureasiJt 
to  the mizml point of lo a d in g  duo to the d iff icu lty  of accurate 
i&eettvexaimt im>ua- thiis vrosalor area*
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I te P is  (1949)
{&) Bacetom l^fr/rrrticm
Tk& j^ in c ip a l of do SaiitM/enssit at&tes 'th a t a t  e dlstw-^o :ru n  
the  .point o f app lica tion  o f a  ImA  th e  a tra sa  systea  depends only' * 5 
the s ta t i c a l  re su lta n t o f th is  load* m d not upon i t s  p a r t ic u la r  isoie o f  
application* Kevsovcr* I t  i s  evident th a t  p ra c tic a l  f m e te rin g  in  unixc:.". :  
compression i s  c lo sely  re la te d  to  i t s  mods of application* p a r t ic u la r ly  td .il  
regard to  tlie p roperties of the p la tens used in  the teat® A ce le te  
apprecia tion  of coupresoioxi tefclixsg i s  i^ o s s ib lo  w ithout a  study o f the  
in te ra c tio n  of the  specimen and i t s  platono*
Much of the work in  th is  th e s is  i s  connected with th is  conslderatic  
atid a  review of pub lications inev itab ly  rev ea ls  • a largo amount of 
discussion on th is  top ic , •
Kadal (1151) oon&uato& in te re s tin g  e ^ r t e m t a  upon poliolisd atone 
and metal cy linders in  compression* which i l lu s t r a te d  the presence erf 
h e lic a l s l ip  l in e s  on the curved surfaces o f the specimens a f te r  te s t in g .
I t  cant bo noted th a t  these lin o s of surface ©racking were not continued in to  
the  tr ia n g u la r  areas isasodiateXy adjacent to  the platens® Other t e s t s  
mr& performed upon a darli^colourea p a ra ff in  mw which had th® property  o f  
becoming l ig h te r  whenever oscossi^© d is to r tio n  of the i^a te ria l occurred#
In  general* a t  fa ilu re  trunc&A©dtco*»s of imtui.dal a t  each'end of tb s  speclrr 
adhered to  tb s p la tens o f tlie te s tin g  machine* I t  mm seen th a t  tho cones 
o f frsc tu ro  developed from the four corners o f tho specimen in  ereso-neciion  
(Figure 8*19J9
Tno oasao author t&f&eu reference to the work of Hubers9 who 
coaproissed mild s te e l  cylindero betxcGon hand s te e l  p la tes  before end a f t e r  
applying a  lub rican t o f o i l  and graphite  to  the compression plates®
Sketches of the various crooa^sectiona a f te r  compression cro shown in  Figure
: $* i t  V; '
-ewaaeine
HidaS ($$$!}'-' '
■Fi g . 121. ■ F i u .  122.  • ' -  . / ."/./.
F i g s .  12!) (o 1.22.-- L o n g i t u d i n a l  s ec t i ons  of s t ee l - cy l i nde r s  a f t e r  c o m p re s s i o n  ' 
last s .  Lef t  ( inures :  l u b r i c a t e d  wi t h  g r a p h i t e  in c ompr e s s i on  ]>lane. L i g h t  
f igures :  w i t h o u t  l ub r i ca n t .  (A cco n lin g  to K .  H'iibcrx.)
. g * . s o  ■
WhA-i&ftoGk m  -Ufa# «ORgro&&lan . ■
\ ... r- / v ;v
t t s s t  ex p o rto sn icz4;'- i r e r e  i s  e r ra e  t l r  t  specimens codpresfcsd 
botesm  p la te n s  * ?. o, ; u , .  s . *v, .V {u..t&i.Xy *i®r4cnod sstoel)*
«srpanK; e e &  tfary c iivv .tu  'reo ir& itr l due to  th e  HiCToronco.e in  p h y s ic a l 
p r o p e r t ie s ,
Tiio p r a c t ic e  o f irtK >  lucin,r ird ab b rr i f  to  - d a te  i s  o f  v d fio ijs  
©atoxirfiu. he® b t f f  rtd eo i/L ffib f’ la Lr.fy fcuthsr::* r.n-3 in  r e f t r r r :  to  b y  FIbcm 
r.hen cov:.elrer;u:e 2 . . ; ; .  f e f : , r t r  o f  b t o . o f  ?■/<:; re -o r  e r r t r t  v-r-e;.;:-®;'. f f t r e o r  
o illb o & rd  o r  l e a l  ;r ,ro ts«  m o 'Obr v  ■ /  fb r b.-oe‘h r I’-otweo,* r i lH ;o a rh  
Woe <■ re c to r  th a n  byf1' -rr'; 3r-.-‘* :. .rb^, f! a- :'.tp:-: :■ * t r - t  -'-t Unr f r l  o r l; t  
p firfib o  f r e e  c a r rn rd f r f  of* tb "  • , e  ' -b ■ : ,f /  00:00- t l i r :  o-:t* b f r f i f g  
axia-' r t - .L b t i :a * : H on e -^ - 'fu o re i th a t  t f r  o f  f w o n t  eboubh pfv^ r.
c o o o b rrt vobuo o f  ijtren&th* raff.-ib  b to  v-.; f . f  orb t.c i-io v a lu e  e fU ai v/obiiu. 
iiold T o y  a  c y l i r r r r  uryor- iva.;,;b urfbbbf:; overr-ov;.
I t  a a e r r  t r o t  bb.:; .'f, ae to  o r  ib ;r. e o re e r t  hr-o boor rocofn itifc i 
by x m k o r a  r i f t f :*  b r i l t l i r y  irrff/.b ry  f a r  r r r r  fibe*  a r  i t  i r  ra rn tiono i by 
t d t r s  (IfQOj obey re ic rd M rf: ify  o rthoac  of e:'- t rb a if r r t  o f  m esfiiry coXutms-* 
He oi;in;e;.i t o r i  t, v ie e  o f  .:.y.;, vb,. ;■•■. o f - f  rtf  iba '''-b lrvbb ifrr; o r ^ r u l b r f
Of rhe r.r: -e e  oi r u b  b 'b  - evaor. rb..\.,r: i r a t .  vy. f f y a i r r f  fy  i r f y r p r - e .  cetbpyrn
th e  rioiiibrbh r\fb% rib.. : b ;:v .f b; v.-: -■.' :v.y f r a  - fa  vo’e o~ i c f d  iv ;stosd
of "o rta :r f f  f, jy ra .r b^r-aby . a :r  a y ^ a  f: ,. a a - a  of f i r e *
o f  iOCf* Offbf. fab'a tr,' Hb:; -"b ,-f-.., ■ •‘;.. ■ ■ ; ; ■ ■ ■'*: ••■ ..'.,:r. ib u, :: f . ’ t b tb m
O t v f i b S  O f  c r f b f ; . :  t b b i f  r e f . . . '  : • 1 ' v r -  ". . ,i .■-■■■.: v - .  ' b v ; b ‘f
■ i’.i'i Of.tof, v Ob' b.bb _.::0'' ‘.'b b; •■• ;v’f ; 'Obb;r3 ;':.'bf
HoCiqp iXrf/'i Ob . f:- irlbofo b-b ■ {yy:...i;: of r^ ■’<•.„•.■'■■>';■ •- *■■■_■• .. ;.'ff.:.”
%i a^bb'fxrbl .r; icfb.:b..- rvol t f  ? brfvr- co.'.rx'Of ■ i f  - ^--ff ' f  ; a ■■••. ■! t r .? fbbioh 
r>bf f t  c .b .f : r b ,  vx.,. a t e o  2 Hu r r f  fbovn ffbv   ^ : ,f f:bbb ftino
that tho rubber sub-platens have the e f fe c t  of producing the greatest
s tr e e t  a t  the centre line* l id s  s tre e t  has nor; been increases, by about 
EC;., and lucxeovea: Is ; at a lo ca l eiV&qi, m  I t  exerts an influence
Ci-JPw pA-..4.b V^ w«i CjL -^0 C--.!-!*-;*n *
die tinsure -deal * ci*& oi a liu n  hm  boas,;, esitcried. to  deduce tbs 
so iu tiou  of ati.es sea tb a t r.:.. .v-v f/?/ /  ascrib ing  iae eayanaion oi the plane 
ends p srtd ;cca i‘ /xHioxj b r-t.Mv..-. c" Xa; tag /or. a id ; uru; i * t t  ana 2*2h)*
XL o r. ". a /e x . f  -. '■•> l ie  p;.dccr'ibr-,i o /yxioioa la  le s s  than 
the n a tu ra l va.,.:*e the ■/;•'■'x.iieei 'y y - .i  i /h 'y i ex. srviasioB a .rcss (ss) occurs 
a t  the perim eter*. togvlaar -sits •,-..e hxx.x cXaxia^/orontial s t re s s  (# ) -*
hlioe the ere; arc im e m  uoyoiKi t tb ir  wutur&l expansion (~r greater“ JK
than 1}9 the g rea te s t value of d .e s tio aa  so i s  a t the cen tre , t&th v e ry  
largo te n s ile  si: a .,. so apparently DOfra.tx.lng a t  the centre of the end planes* 
Ccnsideritg figu re  f*bfy v/e coo th a t p ith  the r a t io  of le s s  
than 1 tho g rea tes t s tre s s  ciiifoior/ec vOS**rry oectirs a t  the  perim eter 
changing to  tho c en tre ' when unity is  exceeded#
ibese re s u lts  eiy, e t in t  f /d lu re  of a specimen m i l  be in i t ia te d  
a t  tho yx.,l_ehc* of tho end planes i f  experr- Ion is. re s tra in ed , a t  the cen tre  
i f  expansion is  aoti\u^.. i;. , :u / . : s f / j  tjiii a t e ith e r  31 • expansion of the end 
planes i s  e n tire ly  natural# ■ I t  c,f. ;..lso be z-ysa th a t the values of 
apparent o trssa  a t  fa ilu re  can vary m ih in  very vdde lim its#
Photoela, .tic  exper/tuni.. lave a lso  X. en performed by Jenkins (1858) 
employing rubber an! copper/ru '. -her nul>pplatens, v/kica chav/ the development 
of te n s ile  sirooox/ near the end planes of the epeei/aons*
Hie th eoretica l d isto rtio n  o f the short cylinder in vestigated  by 
Pilon  (1802) i s  given in  Figure 2*24 in  terms of the ra tio  o f la te r a l  
expansion caused by h is analysis to  expansion under uniform pressure#
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T i& m  2.E5
/itep tioa  th is  ind ica tes -a s isg to  sotersra bulge a t  t in  r i te lc d  \ht* utu 
mrtlaor iscmiions tlic t ho hoi observed longer* m vckm m  o f concu rred  ulXa 
s te e l  to  possess it© such KKKtea alone ih s ix  lengths*
Ux;.r. ob&onmtion i s  confirmed by seH otiraih c&st Cd^r.horg; (it h i) 
in  sari in te ra c tin g  eorioo of ergorisanta i$ cn  litbogi^gtiie Iterator© em  
o th er i3 to r ia l s  tflgtumo B©BS and 8*26)* Eovasvcr* tea  reduction c i  s t r a in  
a t  1d «*■* a ia^h tl; h! in  theuo te s ts  i s  only about 4h M no  t te u  the  m ± a j  ard 
as? tea  too ted  o f i:©aou2r ;© r i  v.ar not fu l ly  explain?!* i t  txsy ho th a t  t id e  
roauotion of s t r a in  i s  nor c lwr£ficanfc* in  these te s ta  tea  author© have 
devised a  oystesa of loading p latens which* i t  i s  eX&Smd* !©Xg to  reduce t in  
e m  re s tra in t*  Vhsy fu r th e r  porlfetu&d to o ts  on trocirunx w ith eXtrjxil o.*d 9 
which in  cor© caoeo iwise~ tlis fruc to se  loods agpxuterfdiy* *- ihwevar# tho 
casount o f r e s t r a in t  provided Tsy any cyotoro xfnloh ir, i t s e l f  i tw lv o d  in  il© 
loao irg  e ffe c ts  i s  iiore f e l t  to  to  a p o tio r  fo r  conjecture*
nmk by te r r a r  mu Icmimuu {1902 aril 1934) e ttouptod to  in v estig a te  
tho problem of p la tan  a s t r a l n t  fo r  the caco of concrete# teoo o f th e i r  
esparSm nts e^Xoycd c y l in d e r  m- .a  etida v^re prepared using  a  1m ; Ire  
mold?© (Catxocd; lhjgiasor.lttg itolel UXi/loG)* X t i s  dcdrsoa t t e i  t id e
vdXX' produce surfaces pier© to  ~ iuQOX0  ^ vx&I r ig h t  angles o f the  
oylinaero to  £.X°« O tter eaassrfrrmin %nm t& ifm xim , on  cy lin d ers , cubes 
ant prisoa v&th t t e  usual f lo a te d  faces* and fo r  ca  ©teleoi% uyon rroci:ono  
of etoel#
OXssir te s tin g  orpXoyol a v a rie ty  of devices fo r  rc ruu rine  i t e  
stralwo, including 4-t! lonr f*Kte# gauges aifl 4*5 long r o ller  tore•
In  goners!, reoeurorrrita vme recorded a t  X” incrcrynin o f height* cart thus 
s tra in s  were not slvsyr fcjaoOiutely teteuont to  the s to o l platens* te  
i t e  12n long concrete prirsns, only about S te  &hav;od a u re a te  &he e ra  r e s t r a in t ,
- S C /6  - 4 C /6  -5C J6  ^S C /6  -  C/6 /  \ 0  C/6 2.C/6, S C /6  4 C /6  . SC/6. Q
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$}& tC  t!IS ' loz\v m lg  about IfK  dK^toi a  o to ito r  eftteot*
i f  t l s ;-fem iiiirig IS* mid 0t# long cylinder© and 4* cubes iM y  did m t  mizmil 
-$ i \ r ‘to s v&ty e%&m to  the  j&scitv ,o*
■■$tsus em.tocesg&et© number o f ibsnc ffiocim m  t to
©s&isbarsee o f  p lctou  si^straiftt in  there © 2 ^ r ten i%  t&xi u - n v . ^  rtostotorn  
to  t!i® t-ar* o ltv too  o f  a s$oc$jw3& noil? tlio p to ia in  c m  M  e te o i  to  o e ’^ r  
t o  e th e r  -Bsiya* Cm s ig n if io a n t |p» |to  t e i  th i s  m sk  slxitis tint ofToot 
Of co^ ooosing a 4*1 cube o f  rsorts*? tetoocvi mi>*pXatans o f  the ©assa isatc^ 
mad B lm  us th e  ©pectern* W  o r  toad a  tocaiotton to  l a t e r a l  o tm to  oneu*B 
a t  a i l  the intoKffeeast but th is  i s  *meve& a t  the &$jo totaljfaoo« n t r r  
grto to 'g  <* the'susfacos o f  contact had boon psrflorviad*
,;/ I t -  to  iieagliKs any p la tan  ^ s t e & n t  toteocm idoaiiocX-
cubrns* and i t  seems Xiboly that the s tra in  reduction® x&zq creased by other 
m & m i  described 3&t$r*
She ©osploic nature o f  the otraan and ©train - d istr ib u tio n s to  
coneroie* arialng from tbs la to te e  o f p a r tic le s  o f  ulstm m tt  d ies  mid
’ V'
physical properties tms •dmnsir&ted %  Santa (20SS)* With -the aid  of 
photccleatic cornJiige^ lie shcsni. (figur® S»27) that the s tra in s to  th© fine  ■ 
i&erttir pirns# or© significantly M g te  than those to  the zmm rig$M aggmgato 
particles* t&th the oorre^ohdtog  a treso  d is tr ib u tio n  (oaXeutotod f m s  a  
luo ie-o . o f the  e lf  too m oaulii) consequently Xo$er«
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I t  m s  ecmsMeres that the fr& eta© o f k i t t l e -  aatmdm n own. .-. to  
eocpamd ?&fo sosas aspect®,o? It® fa ilu r e  pSsenasgsna in  dnotilo  .
SXsrfcietilar attestlcs*  tmo p&M to. aspects o f  b r i t t le  frsiciure arsi Jmmmm  
ic s t in g  ©f dusfcil© laaiKirielsi, end a xmrlow o f  m m  o f  tlss o&gn&f&a&ft 
pufcllt&tloitts- in  th e se -f ie ld s  m s  ©fciesipted#
Oromti (1952). es^ & irs that soco 4 ~ tslr*  ©#g# lovr carbon ataol*  
©bow Mgli d u c t il ity  and m  indic&iiQn o f  b r itt le n e ss  its m^Llmry t e n s i le  
t e s t tt9 but that they cast break in  an .almost eompletoly b r i t t le  s-mmisr i f  1 
the cp o o fen  ooiitalns a cracfe ©r notch o f  |»artieular diisenrdjcms* I b is  
feature 0? d u ctile  m te r ia lo  la  known1 as notch b riiilo u ea s*  ■
©rowan s ta t e s 'th at '"fracture in  very b r it t le  im teria ln  XSke.gleer; 
occurs a t a c r i t ic a l  magnitude of"the h ighest ten n ile  ©tress* m ich  i s  not 
Influenced by the a lgeb raica lly  ease H er  principal ©tresses* unions they are 
vaxy strongly ttnprom&y&f t - i s  ju stifies*  spooking o f  a  d e f in ite  t e n s i le  
sfcength in  b r it t le  fracture*# He further argu^ 1 *«, ni t  i s  g&aurdble to  
©ecus© th at b r i t t le  fr&ctttrs in  a polycry ri* Hiss,? c rex ate takes p lace vhoa 
the a lgeb ra ica lly  greatest (i#©* the aost strongly t a s s i le )  principal s tr e s s  
reaches a  -c r i t i c a l  value”#
f id s  a r t ic le  la te r  dovelopes the nature and conditions fo r  
b r it t le  fracture in  a t xn9 end its . c&soci&tioa m th  the G r iff ith  fttaotur© 
concept o f  crack propogationg in  i t s  environment o f t r ie x ie l  tension#
In a description  o f the various or ig in s o f  in ternal body stroscoo*  
Orawm (1059) jsentiom ilm i i f  ©n indentcr i s  xpcssod in to  a p la s t ic  body 
(Figure 2*2B)P i t  produces a lo ca l compression nozml to  the surface* 
aeco&psnied by an extension p a r a lle l to  i t#  he points out th at the cu ttin g  
o f  a © atorisl o f  low d u c t ility  by laastm of a c h ise l 1b based upon th is
m *
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S&© o ffec t Of uufti on inden ta tion  lias been esaas&a&SL %  0*IM31 • 
&& (^eempod (1952). in  te s ts  ©» aoffc copper hs&vtty i«& n ted  %  m i ' 
utiltsteleated im rd f l a t  cslrcmlcu>*scction©a puuclu • l&rloy&tiett o f the  t e s t  
specimen revealed lo ca l Jmstferdng g rad ien ts forcing" &. tsoce o f iwflutne© . 
armmd the inden tation  as shcmn in  Figure 2#IB«  ^ I t  iryptora th a t  upon 
a  very X&rga tapecdmen. th® punch ex erts  a tension  ana elongation along tlB  
top surface 'by pushing the.& etel .down* • In  a c i d s  the i n i t i a l  © lastic  
deformation f ro n t sshiofc forms under the indents? i»  followed by a  rone of 
p la s t ic  d e fo lia tio n  ac 'th o  prefigure increases* J* cap of ntraii>»haiplenod 
m ateriel fomn- under the punch and produces a  lo ^ e r sra-e o f ra d ia l 
compression* Id le  compressed s*terl&X fol2xm$ the. d irec tio n  o f le a s t  
res istance  and flo o r upwards tovro&is tho free  ounfaeo*
figure f?SO represen ts the s tra in  bourAiaries forced in  a b rass 
specimen undo’:- a  pyramidal indcntor during a t e s t  by.' Samuels and' I&ilhearn 
(liffiT).
An exjsariseni by ‘-’eyer (Iv.vS) «.-:©!. ft b a ll  inder.ter on tvranty-fiv-a
ehsci© of oopssr soldered, iogetsier* which ware- later sectioned and exmined* 
dhs ©train below Ho indent (;igure E«5l) showed -tension in th e .surface 
oonc# changing to eo:-press ion be Ion the ball*
hadei (1951) shooed (figure b*bb) in  a te s t  spsciinen of p a r a f f in ' 
me; the d is to r tio n  caused by rap id  compression un ier a c y lin d ric a l punch* 
liore tho d is to r tio n  bgy bo cosinnrod - i th  tha t of n rjd risn n is  in  the p resen t' 
work* when applying slow CLwpresrion to  b r i t t l e  nalsx 'irls* .
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At the present  ^ 9 rocks it  'Clr-*se can only be mynif&otbred
with -accurate diineiieioas by the use o f n ita ry  tools# f te s  f o r  the te s t in g  
of speciisens o f rock an carp-caston i t  i s  eorve .font to  u t i l i s e  a  c y lin d ric a l 
shape# cylinders any bo ex p re ssed  c l"  ^  th e ir  curved surface as
in  the Israeli t e s t ,  but usually  they arts subjected to  compression teinsoii 
th e i r  end faces# a te  . l e t te r  too t requires* the preparation  of rb.ons v i ih
plane p a ra l le l  e m sj r.oxrsliy forraed by c u ttin g  an! f in d in g #
/d te rn a tlv o  $tiT&x\&Qmnic a re  eoaetSEca adopted f o r  te s tin g  of 
so f t  rocks (&•{> chalk) v;m n  ite  npeclrsri * t t c o .r iM m s t^ B  to n ontexci*
Seehjsl.
Ike coring s a te iro  unci in  the p resent noiir non icoiurTcctui’od by 
Outroek Iksi^inoorifgi. Co#t bid*, Uk-del C 15 100}, cod esntestacl o f a  
250y# 50 c /e  I' H#ir# e le c t r ic a l  ro to r ,  ?&th a im riable b e l t  d rive  g iv ing  
0 range of d r i l l  opeefis fro:?: 475 rrm  to  4240 rps# d te  d r i l l  chuck -was 
f i t t e d  n l th  a s l ip  r in g  connector fox1 the  siq?ply of rm no im te r as a coolant# 
i t e  height o f the d r i l l  could bo m jm ixja v e r t ic a l ly  on the m in  
sh a ft a it tho ameaine, os coulu the tab ic  end clasp f o r  the m>rk p i nee#
Ihe area of Ysork nan enc;,oici by rs:£?v&bla laetal and psraposi noil© to 
contain ite  viator, cm, & hotiau troy and tete.noijo roooved the viator efi, 
woo#
VIjo nice of xt;ck piece fo r  coring nas lim ited  by too cXsrpi.ig; 
asnrongsrimis to  a nredsun dissension of about 5 teeter: # Thun the la rg e r  
meciroBS had to  be ite ra te , to  this: s n  x e ith e r  by the aypropriato eusrey* 
o r  in  trie laboratory  by c * o r  ere  . s, <g#
Tm  types of cgQcisaem d ic ta te d  tins choice o f coring d r i l ls *  
teilch vere iaar«jfeotui:ol ny *3#K« f r i t  f  to rn , and r,'kieh oro m ao n 
v a rie ty  o f c u ttin g  edges# f r i l l  b i te  ere  used which are echini vdtk.
. ir-do s t r i a !  dicssonSa, c i t t e r  in  tbs fo ra  of alorao o r uust# A bale i'icu 
batm an fba s i r s  and quantity  o f uiauorfL cm  too ksrdjjees of the jsa trix  
n a ta l can to  establlu ted to  £>rovide th® boot out fo r  coy npociron type, o f 
rock o r  of a r t i f i c i a l  m ateriel*
fho coxing bite- uaed provided s p e c ia ls  of up to  5 inches long 
with e ith e r  a I 11 d ia re te r  ox- a &M diarsstor* fbe ra te  o f p o m tru tio n  ol‘ 
coring varied  m th  the DkioraXcgy o f the uuacinens* v&ik iha eilieeoun  
ilgxeouiJ rocks' providing the g rea te s t rc s is isn e a  to  c u ttin g , i t  m s  
occasionally founl necessary to  re sa le  ja m  the diarsoni b i t s  to  o u ig ir  
p e ra tra ti& t, dale m e  c lty ly  cchlevafs. by irhrouuelng eaxtem udur povaler 
info  the coo lan t, m ic a  mxovod the polished aurfeco o f the is a ir ir  curl 
opposed tho fre sh  edges of the diamonds*
Cisro hah to  b© tokos ax: th is  re**shaaprniirg m b  to  sc ra tch  t t e  
aiu'facsa o f the epeeltura, os th is  m old  have -affected the f i r in g  of i t e  
strain  gaugsa srd also introduced po:r ib lo  ciresc concentrations under load .
At Hun stags too d ic ta to r  o f the cy lin . .r  v®» c&a&Utf&l&t 
severa l point© r i t h  & rdci'o sster gauge, ana v;au ^ co rd ed  to  tbs neare&t 
thoueanth of cm inch# Also the atraightrsosn of i f  a cy lin d er tias clnci ml 
vdth spoelel brass gaujieo rnrufseinrod in i f ?  rmpmiasni# Vkere gu .;;p : 
oorc 5” long and accurately  bcroct to  give In te rn a l d fm e te rs  o f l*OiOn, 
1»GC$% 1*0XC” and 1.G1D" (A ll s  S 0*h01,?)«
Cylinder?* iu v irg  tmdesirbblo dtonadori© or ejrvatusco vrore r rg e c ie i 
on tire bartir. o f them  eoasuronentc •
i t  should be asntloaect i h r i  com o :, *rtont© ra produce c y lin d r ic a l
■oci t rceL on a £z&Gi%w% l&ths* Xt I s  m i  a^pKjuriaio to
cc ,; i:‘/v ozi tecunXero; jad else^sare# but i t  i s  thsushi j;arr dne thsct 
c tg s ts l l im  roefcu idlfiii be d if f ic u lt  to turn on a la th e , and that concrete 
and mortar •would bs Sir&5as£ibXe ■ das. to tlse rasraicr in which ids egi..snsgste btm ■* 
tho ©cmm m trix# •
S i  • •■•.■•
i f  to r  the twcparaiion of cy lin ie rn  m th  appropriate ad  m  I'tis#
i t  wad nacomaxy to  r&ssove ilia rough e m  p ieces, and in  doing tu la  i t  m o 
f e l t  preferable to avoid v ir&ctics ©f Xcpping, vhich con. lend to
convexity and tio:>^or&Xi/ ? ~ on the cm  plmon* - Tuc accuracy o f the
cylinder*a end planes vmn found* tinder t e a t ,  to  be o f the greatest 
importance* ids lack o f su itab le  e tn m rm t to  perform th is  p a rt o f the 
proprx&tion co iin fac t©rlly pn>vidod the r m t  sign ifican t- c le r ic  delay in  
tlio progr&uvc o f work*
I n i t !  l l y 9 i t s  cutting von geriorrod by a 8W tar dioxrid
era an a ikifr*saeil©n cutting and polishing- cmehlm jKxasf selurou by
d Go#, Ltd# th is  raehig© war rot designed tipscilUcul.ly 
for  the aort o f . operations involved itn ih ln  roeearajh, am  i t  proved 
incapable o f producing plane am ciu;. to  ■* ‘^cchmru
■ dm  ©me hledc nc\ ad;mcggmtlp used in  t r  n  of cox»rg — f* - m ,
hboro the cy linder d eck in g  f a c i l i t i e s  m m  hotter#  Hoover* the e tv  
pmvDd too fXer.lblo to m iinfcic the plans nurfa.ee, and the mcm am y renewal 
mz re se ttlag  could m i guarantee p m r lie l conn*
h lin  the pureumo cf a reck cui/Lirg rmchlue nanuf actvaxsi by 
CutrocI: frg lm eriu g  Co*, Ltd* (l b lo l  Cl‘d LDj), i t  von hoped to  ovoxxmne
the cu ttin g  d i f f ic a l t ie s ,  on th is meM?;o f a c i l i ta te d  the cu ttin g  o f
both ends- of a  qylf.u.-r.’cfcl m seliam , without i t s  removal inn re s e t t in g
c t it le s  voro egoin arpnrx enced m ils t b  operation o f  th is  inch h e ,  
due to the f l e x i b i l i t y ' o f the th in  mv~ blade .provided# I r is  sdiohiiie 
t s s  designed simply- for  cutting apec'&sna, T?hieh in  pe tro lo g ica l thin, 
section  p reparation  ore then legged eloev.,.e^5# / f t e r  uincasylcnc m id  
the s&ttf&eturfsre of the radrlne i t  m e trmdo pom iblc to obtain a Jw 
tliiok dodhe-oldod grltd irg wheel ingrognuted with bieaioim duet 
.{Grade 21Z/&ZI }9 ana is&xntffectauvd by b lagrit Lic&cnd Idols Ltd* Tills 
-I proved to  be the f in a l key to the om einsn preparation, an i t  
imi possible to cut am grlrd both e?U: of the spec&t&dn without 
r e a v in g  i t  froo the cX&^ing device o f the is&diiiio#
.After preperation, the meesronv to be \ < wsin neidmi,
ovon^ ilried ar*i roteigliad otdl finally their Xsnjlhe mm Ese&cursd to the 
nearest thuusahth o f an inch* . flu? Xergihn m i recorded in  the re s u lts  
to  the neares t hundredth of an inch.
A-&
(*-) ja r a ln  .m agm lrr. cgu
In -the absences of any hnoon tasttoa o f r&’aauring stress  dlrocily*  
i t  v®& mtur&lly decided to u t i l is e  strain  roaonrnvontD to altor^t cm. 
mdoratiniding of ito  hQlimrUmr o f npeco "i in  unit 2a. I oox^Gidoa*
( i )  ifcetonicai, S tm tr* pi5gpitr.by‘ .epulTpgnt
fto  f i r s t  rasruR>)3mt& ore saode using & 2W ginis® length blndloy Iti* 2 
estonsoes&t&r» Tihach recorded extension ascic&Ily* vdih d ia l  
„: gauge dividtorx reading to  50 & 10 w ins* • for  several soanenc#
.described in Chapter 4S tie  a technique teas cttoixlon;3&„ said the 
doyolopBut of e le c tr ic a l j -etW s of aoaourroxnrt pursue! •
( i n  Klerts - .dtrain roscuring e^uiuepnt
Sseperfcantc vmr; u-u'orr.v to  dateralne i f  i t  m o fe&r.ihie to adhors 
e le c tr ic a l rosioteiCQ f o i l  otndn gouges to  rood m forislr*  oaf. i f  
so to dctemlne too boat r o id f  of’ doing. tn:i c 
Mansion o f .faf»p» p.au?es
I f i l i i  « ife was pnj€tanbd % vxidvht;:. the rock surfaces 
with tm tor,’• cleaning midi Sr: ch lorethylcae, f ,. -«*ing' 2" long ~x °*’ s -
Koe f o i l  strain  gEUg.i: (lot) ©Sana*' !%?ps A) to  tlio cpoeimn using f in ld ite  
A?#' 105 (I n mcl. h&rdorsor)*'; lias gauge vdn to ld  in  p osition ’ by selloi&ooj 
and cured in  an oven at F fa r  2£ tours*
iliic  procx x  ~ was o n tiic ly  catisf&ctory* hut very t im  consuming* 
f-ror tlx  eajxrienc** food frosi the » **  ^ 1 d r a in  gouging, in  war
thought InMvic&ble to veaonro across a olnglo' ui.rreiox^ and therefor© 
a znind&Lcs. o f three stra in  geugoc wore considered r&cesor.ry for  air/ cno 
specimen* Xt was pJBforoole to  tuio each foui-o repor&tuly to avoid 
c* vXhranx during setting* and the thro involved in tlx  gouging of  
the r  jc nxn beeare exeoaeivo* ' '
/is a  J e su it  fu r th e r  erceriiucuts x&r& sscfc using a. qoiok^aiyinE 
m m ntp  S&sstsnon idhssive 9X0, t&icn used in  conjunction v&th on 
A ccelerator CbVl, gave p e rfe c tly  ic&tlsf&ctosy re s u l ts  ooabined td th  a  
nucv ; ; o ; t 3 r  ease of. GppXioGtioiu ITsing tb s **hi«££to se tlo d  o f 
posltion lng  l i e  gauges td th  scXXotaps, thd i tb a ry  ©f a  dingle gauge couM. 
bs accomplished, v&ihout the use o f boat* in  a f a /  * c sa t, »
3&» moot £iai;Ufaciory in su lts  ware c t. ,ne' in  f i l in g . t i e  gauged 
to  exy^&X'iiiie nicba* does of trss porouo gedl&Bsxt&xy xocks axe c irc a  
acre c&reful -attention#
A tegfelcai j a a 3 ^ - g i ^ j ;a e s t - .? j j  •£.•;
‘ riuxdi ic  of. c '^ r d / i a
< e s  an e l e c t r i c a l  conductor a l t e r a  i t s  len g th  l i e  re s is ta n c e  
a ls o  change: « IT th in  conductor-la  leaded ia i ie n ie ly  to  too cu rf  s:cs of' a 
nryjt:5s"jrit any subsequent c tre in  in  the  cpectem  to  a lso  c&perieneed ly  
t i e  coo lec to r#  duo to  th e  very sm all gognlitiue o f t Imm  ciiexyoa t i e  
e f fe c tiv e  d erg th  o f the conductor nve. r to  to  o r  lor; ^  ly  doubling i t  
bscirraax&e and forwards leery t t o c  over th . g a y y  to \,tL #
tie  original /yhgea consisted of vrire, but these have been 
rarerreaoa by rostj tclieblo mrd m bm t * contracted of thin m i^ l l t c  
fo il on on -Gpoxg r$$in backing# ■ lbs total IMeliieac of tie  fo il and backing 
i c  ©boat C»00Sfy
Xa order to  f u r tb . r  r a y l f y  the very m o ll  change a in  re s is tan c e  
occurring in  a s t r a in  ©ruge a id e r  t e s t ,  an electric;', I c i r c u i t  Ism m  &a 
tie  Idionistore Ibridyi Botrord i::. employed* illuoirated fc.2l0v.fS**
in  the present void: If. and 1.1, are fiaad roaisiora of 120 ©tes* 
m l nrs b u ilt  into the strain neiuuixlog equiisaarii* Ip la  the "act-ivo” 
svtain gauge fixed  to tm  cgeeissr* mooe longtiis and tEms resistance*  
i s  esjpecietl to change*
10, la  ib® ‘^passive1* strain  gouge fiaea  to an unaltering pr&e-ea
of identical material aa the teat npoeiraen* Oho passive* o r  du-acy* 
gauge io  used to  ccsrrpenoate fo r  a?:y apparent .strains tvmoh nould occur bus 
to char hoc in  A 'mture during iho tort* Id and i:‘2 iray be single gauges 
or a number of ^rupee virad la  oerim io  five  an e le c t r ic a l  average*
Changes ©©curing in  the m iuo of la arc adjusted by ths nm l l  
balancett isathod* thereby out of balance c ic a la  era corrected r t a ; s  of 
. a  s lid e  v iro  «hich i s  c a lib ra ted  in  pjsrceni&go .resistance  eiiangp#
She relationship betueon the change o f  resistance of the gauge 
end the strain  i s  &© the Gauge Factor {(»*?•} sad io  defined as
Aj£
T
A I,
~3T
xi'mra B i s  the resistance end X* la  the original length*
Boat gau&sc have a factor of about 2*0* am the strain  rotore 
used are calibrated fo r  th is  value* Vhure the gauge factor io  aifXbreni
from-thin* i t  i s  therefore ,neco::.* r^y to  cfeiipXy iho ofeernrfe t Uv fei b$
2» 1 t o  o b t a i n  t f e  a c t u a l  r i i r a t r  v fe t te *
JnGifefe fee©* i  ix%fi
the i?ms?pB used were oil foil g&u^ s of various opacifications 
im l rsritfuifeiro* life? follow ing In r? l i f e  of th e l f  c ire s  ana ifeife factora:*
feuniers^ly? f o i l  r .lrfe t^i:> o ;ct».
( S & *  A •* f o r  u s e  u p  t o  iC * °  C)  : :
3." l in s s r 0  120. ofes CO­ s a c
*" 1 «r c r e  i fo choc CO 2*15
4” Linccr £  3.20 Ofas Of s * u
r«a lin ea r ' €:■ 120 ’ o!nn Of 2,17
|n d e lta  roceii®  a? 120 ©has 00
Xlf lin ea r c: XGO OtlTG 00 2*22
£** lin e a r f  2-22 ofes 0© 2*10
©it liu e a r a  25 ofeis ■ Op 2*18
She ero5s**cGnsitifet^ o f  ife c o  gauges ranger- I t e  '0*1S>1 to  
0*4f and th e -e ffe c t  o f  thin tsas considered i fe r e  uecoasary*
£ to yat Jipifd r: Co*.S,T1 ., ,».,j .o ll  Ir. ffeiifeg; ■
TypQ Fu -  CD s O * 0 isa fe  121 of en-Cf eVIfZO
appe II’ ** 2b i 2*0 xaa & 120 ofe-s G*K* 2*€:;
life transverse s e n s it iv ity  o f tier:© geofcr i s  c:ctra*aely e-mail and wan
neglected*
■ Independent tcr& lnd fe rin e  rare lined with the fesora gouges which
o t n x  % l ? c ! l p e n d  t o i c  f a c i l i ta te d  accurate soldering o f the t
wltiurat fioat ciwisre®
Junction. Ib rss
Xhc istrein gauges vest? wire a  i ctc/1 to leekeX jimction ie ro s ,
: jc jcX bos# 251J or 480*. ^m m  could accoizssodate im a u ra : ,  & nut-* o r of
riros frest..the specimens generally m ih  the  use o f a central au/ ;;$ end also®
ka c e rta in  to  rite# f r c s  the  of ee l p la ten  and i t s  mrraiy*
*ZhB use of w ires o f d iffe re n t colours focasa . necessary as the
rsuaber o f gauges increased*
± & gM uM m .
In it ia l m rk \vm perffoftod using the Ibeliel r.odel h 210 strain  
raster* er£>Xoying a h&X£~brldge arrarigejonfj ana with' t m  f .isoe I f f  olrs 
rerlotoro in  the c ircu it of the junction bones#
b a tte rie s*  wonmBsm tm  in&epcrskost input circuit©  for  the connections 
o f d r a i n  gauges# I t  i s  ciallbr t:d  for, a gauge factor o f £#OS* and cm  
tolerate a certain amount of capacitance unbalance* c l ih  cugU th is  v.iu? never 
form  to bo a trcubleoetsj fea tu re  in  the wiring* As i;  cu it th e
im tn ra a n t was arranged to  .five a positive  increase' in  c o d in g , on 
extension of the ©train and a  n r;/.liv e  moreasnt on co^resa&on#
0#00C3.f. s tra in )*
Subnecuoutly* irD&ctiixcoDsts to re  resile using the Ibekel c ira in a c to r  
r#&el £40 off# Ib is  in s ir io s n t  was a  sore advsRCdd ssadel than, the  %' £00*
Xte f  £CD portable  s tra in  ?,<eitrs which i t  powered by x&ch&x^&able
dho to ta l  range of &OPQ0Q c ic re s tr a in  (^u a) could bo u t i l i s e d  w ith 
a reeding accuracy of e  ££yuo (one nicro:.tra in  » X *; Xv*° strain  « 
vrl  provided a fu l ly  v isua l indication of ctr&ifia* in  % JLion v 
ioiX«*baXmice r&thosi'of tho 1 SiOX* - Xi could also r>o corrected lbs* 
ecpseitsBce 'imbalance* bed a b u ilt in calibration lyu ies aixl a to ta l 
ritv.o of. Q«*5C?#000/as* However* i t e   ^ *« ioyoutant f e u te o  van that i t
provided an, e le c tr ic a l output vkieh could be u tilis e d  by. the aatb;prvp-hle • 
roeordin,; I uctru ? described below* ■ .
AutOjfyrf'-pMo.' s tr a in . IbcoKlar
?©r p o rt o f fix? cork  i t  m u  convenient to  record the s t r a in  
readings mto^rapbieaXXy uxjiuy a leedo ana Ibrtlirup bid* %Doao::m 0 1VX 
recorder# lli'irs in&trua&iit gave a continuous written  record of ctrees v# 
skrein for  a single in, *t* too' strain  bo Inn token directly foou tho output 
ceebeic o f the looIie3. 0XX DXK otrain,neter*
A. graph van produced by 2ceordIr<:: the s l im s  iivpui, do a koriiontai 
uoveueni o f the peri* srvu t ie  e lec tr ica l input fxm  a pressure ft^r,saucer 
os v e r t ic i l  - eve -/out of the chart paper*
li;o pro rusv transducer ?>\ I tonoa i s  t«- „ bales? under 
b e s t i n g  t ’& ch in en *  an d  g iv e s ;  a n  e l e c t r i c a l  a -ign cu  l l n e t i r l y  c a l i b r a t e d  c - g a in s t  
the ' l o a d  on the taut specimen* .
Ckcjiron of e le c tr ic a l voliaga map? \scro e a s ily  effected  on the 
reccrf **'# fhtao used iscnesally in  th is  t?ork rsio  G*fcCO iff on. the &»axts# 
eon'w 0 d .,*s to  the fcanimri range o f the bio f ib  uotor* cni-frfLO roV# on 
the jta;sic«
Cearreecion te s tin g  re * c •
I n i t i a l  oaopsmeioxr to . t  r e re  jg rilro rrel in  a  10 ton  fraise o f  
Clocl&wxm Engineering Lid#* cic a; » o f o r  use in  no 11 cec&anlcft# S i ic  
vaeMiie psm vd uosev isfec ter^  f o r  le e r in g  ingrcimir; v&thcut r. i r l e r i a l  
c o l l  nun to  too looking being app lied  tixrpugh on eu to site l lino*  
loading  boomo eccen tric*  m ii even v i t l  care  in  e e t t in g  up* th e  p r ta ln g  ' 
r in g  ’to  specimen con tac t o f te n  buckled 'before a  10 tone loan  m o  appliecl* 
F u rth e r m rk  ao tooacl i\ 2B0 ton Xtmxmn rtaehirto# bu t th in  m e  
aincon tim teil' (a) because o f th e  largo  amount' o f  packing s q u i r e d  le tuosri 
th e  p la te n s  (fc) because of tUo u i 'f i c u l i y  i n  aertl no r i iU  a  I&jsbb 
ntiieriCfti 'bearing  on t i e  to n  p la te r*  m i  (c j because the naeh lio  n s  
no t raounlg aw iltib le*
A f o r  t e s t s  ro se  a lro  p e rfc re sa  on a  l im e  /. concrete to o tin g  
fisjehim of 100 ton  c&paeily rauidhictured lee Avery Ltd* f i l e  rm hiies 
lievo en 'C t Lccuncrn  out the  n e ttin g  tig i f ,  e m t  »\ ^ c te i to r < I c 'b r e  
&e th e  cpburlct 1 be?ring  rr-e eo rts iu a a  in  th e  1c r  * c l  n . ** ten  a t  
f lo o r  level#  I t  'm e a lro  no t g& s& aentty tv c l lr A Vu*
Trm machine th a t  mm  m ouses f o r  th e  Irrg o  e s fo r ixp  o f  th e  to n ic  
vac cm Avery. I'l&U lieKl^ojreratcd e s rp rc u s irn  te s t in g  ncdiiiie* the 
aiM nV ri „> e l  c f  t h i s  r e c l in e  t m  so lifled  by the  ad d itio n  o f  & f u r th e r  
41 io n  gauge* a r t  a  choice of t m ’grceeim^ transducer a f i t t e d  to- th e  
hyd rau lic  syoi&v.* I n . add ition*  the e n t i r e  top  p la te n  assembly m e  r®icm®& 
an ! r-tpluccd by a  nsrmM xi 2j  rn  b o l l  cockel to  f i t  trio p lunger o f  th e  
ro d ; to o tin g  co il#
11 re r a t l in e  g c iib rrv a  cx v ii tabby* riding none very  rovers
~ ^  caused by tin; cjmlooivo f ra c tu re  o f s c r r  ignooun ro ck s, ts&ihoui
uciracldrg, frost i t s  Accroroc??* the r&ehiwj xn%n rogtf izCy t  - tm  
r r e t  standard proving rings#
tx* 7; U.^ cegs
lior w e vjork er; loyinp. the fM ^yvjM e x\^ o order* i t  ty&c rcce& m y
to  obtain an e lec tr ica l »:goal for  the tstre&? aide of too ijraph# hois 
mm jnvnJml by either of ivo Bsill J i&naXX Lta*- prasouro transducers* 
langos OX&UO p s i end 'O-8S0Q woi# Operating or- the Tdreatsteo - o 
principle d*I<«b# judges on- a prmouim diim im ip in the ■ irane&ueetm vero 
i» _ Hod v ita  a constant i t  volte  D*C# livo  an Isolated sii&ins? power supply*
t delivered the .appropriate o signal to the recorder* lim novensnt
on dmim of tbe reeorhsr van calibratod d irectly  against too deflection
of a pro dog in  the tooting modiim*
Bock Tenting Jk&l •
I t  bacam evident that ram oeiU faetory safety  arrange:..coin v.ens 
mocied during toe im ia  to protect the operator in case o f inmrpoeted 
failure* i ia  lard crysta llin e iccst ooemlBnolly fa ile d  ■ v io len tly ,  taucfc 
of the epee being reduce a- to cunt*
Coupled with tu l r  requltvnurit van the nesd to  cntcLbXiek mi cacy 
.arid accurate m ih o l o f position.’.**..; the moclimo for cc _retssio& toi id eg*
Consequently a h im  pmmurt; limarlaX ceil*  .vhicm.Tree docigrsd fo r  
aimclmmo of I  inti: iJ.cc a im  and f t  inches long, t*&s e sp ec ia lly  iimnuSTmivreS. 
By f&cckhoure .Ygirm hid* llts cine of m c d r  cum chosen to  give a 
ho igh t/d icncter .ra tio  cu rren tly  thought. to  y ie ld  uniform loading conditions 
a t the ?el-cKnei|iht, m l tc give v, ccditfactor;/ ccnpror.&fio boivoon a e it-0 
large enough for' accurate cmmuromiit;,  mu. m o ll  enough fo r  ttunocouosry 
.apecmnm pm Derationa•
the tric-ali 1  c-ell* vluch vrun la ter  r.oaified to  incorporate ike
< V ■&
tli3 a t e t n  truyo m ram  i s  ob m  £i» tin; ixcoov^W '^Z  li^teyropb* ;uc 
pXtr^pr o f <?to c o ll  in  icofe c l  r t . l  niece stool* but the? lo rc r  co ll pl&%on 
i s  only of JmrtL t e a r y  t i e  isaln co.il raioriru,* In  rob r " thin  2,a t t a r  
m teriaX  m o hndl$ elososn fo r  tb© os 11 bom  plotor** r&ieh cuyporfcl 
iho s te a l  ccocIcob juntanc,, feecgae ampgptk mi f  siesbal resurfac ing  on a  
" r t f  m  e sw io I  o co ss ia in l
She roc!:; jpmcicsn rad i t  a iXabimc ammnieXy ilh
.position by r l a t e r  21 shs&th mob nomalxy to  e rc lu le  ra its r  in  a  
tr ic r ia l  to o t, tlx? c o ll  cab! i t s  cpooison corlu. be placed in the toot 
po sitio n  arb obsesv&tiens could bo nrrXe through t ro  irrn rp o ro n i oo3,X 
vVXara* in  the phototraph)*
Ir lax ia l c o ll  um d in  the expert -ants
4VM'tf X Om inch cvXin&cro iosdsd through th e ir  end raceas •;
the iso&sir ^r.t o f longituy  _ 2. surface &tr&tr& on 
(a) Jen 3  ^ildJILJaS^M
r^rftinj*3;:,cu.-grunt. uslnr. e fngehm ical t’oiim
She introductory part of’ the void: of investigating the holiaviour 
of rock spacfeenc in  uniarial eorpreot&Qri u t il is e d  a Idndiey so* 8 
erfcejisos:otor imiiiCccitirod by J*S* Baty and Co* 9 Ltd*
Iro m tc of te s te  voro performed before th is  sselhod o f trassurereni 
vro abandoned* fha f i r s t  recorded the longitudinal strains on a opocirers 
o f lenraenrarr granite 2*&0#l long* aru the recults of tha tvro loading 
cycloe are shots. in  Figure £•* X**«fU She f in a l applied lord vsr not 
high as i t  not possible to  anticipate tlio fa ilure l o t . at th is  stage* 
iho eocoitd toot tms intended to investigate the variation o f trie 
airs r e s tr a in  rel&tionoliip of the rock rdth change in  length* In th is  
a sgjecisan o f in i t ia l  length 4 n \sa» successively reduced in  lengthy rMXet 
the save gauge length of 2t? m s rminicineiu flio grapha o f these 
relationships are shcrcn in  Id. 4* X~-2* but am not thought to bo very 
riOaningful*
Tact use of moofnrlc.l ret in: for  strain , ligature rent vss then 
tli.ecent.inue& for the following so: sours**
( i )  tiie Gstemjoaetor recorded strains betraor; gauge points across a 
single ditstoier of the meeiree* I f  eccentric loidiing vac present the 
resu lts vould rot detect it*
( l i )  tLs notch e ffects  of the . .etal gauj e golets or. the rock voro
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significant* since at each se ttin g  sssXI areas of rock uere lo c a lly  
crushed* Siaotaelestie cKperiEenis c -ct®& upon sastalo sirdl&rly 
affected are described by Coker, Filcn m& Jesoop (1C;57)P and the 
xuruXis m m  tlmt the gauge points acriousXy a ffec t the stress distribution^  
aM oftaa deism lns the position o f  fracture.*
( i l l )  She disunions-© f too orta isossier  lisd icd  tbs length of te s t  
cy lln seir  to a ouimrryo of
Civ) la® accuracy obtained jxrob&bly  ^ 25/ul:S$ nliloh m s considered
to b® too large*
(v) I t  rso recaeoary to observe the diti'gauge o f the ■ catensaoofor 
repeatedly frora a cdone dioismce* im eh  a4ght ii&ve proved hacardous at 
fracture*
. i -S Refcaur^rent. using jl»K»4*. ranges
/»«; , . .3Sjit:..of.'the tfflSfoyn.iiy .olli..ctrsdiis
Ibnuoimiory too t» v/ore &u\do erployls f o i l  getgyss Xw long
bonded iniirsatoly to the jock surface in  the **t\\giiudirml direction# f t  
tsv considered that a sin ter*  of three gouges woks necessary* changed  
syustrXcaldy around the upocifsenj, i* c . in  eroaa-aectien at r r l lc l  ceigler-
of iso®, ;
Tl'io f i r s t  ten t on a cylinder bofd’5 long recorded the individual 
strain values using e PoskaX 1 bCb otxvxir actor* the ividiosc t ie s  1 
cvQi'C-ge of* the three readings (iiyazv. 4* i s  Ispre$n.'Ive? but the
indivi&uel (strains revesloa the presence of eccentric loaning on the - 
opecten* figure 4# ehens Hie separate recordings, o f ihb> toot vdtk 
Oise of the gauges having ten sile  strains up to a ntrass o f almost
6>o-
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At th is  stage o f the work extensive improvements in  the 
preparation o f the specimens were made* as described in  Chapter 5*
As a result* the succeeding t e s t  to  fa ilu r e  (Figure 4* 1—5) reveals  
a fa r  more acceptable standard o f  load tran sfer .
Although individual gauge readings v q z q  s t i l l  u su ally  recorded* 
the fo llow ing graphs w il l  show only the rmthematical or e lec tr ica l, averages 
o f the strains* unless th e ir  d ifferences ore s ig n if ic a n t.
fete graphs are p lo tted  to  show s tr e ss  on the conventional 
understanding ( i . e .  applied load -* cross section a l area) in  lb s .  per 
sc* in .  ( p .s . i . ) *  against the observed values o f stra in  in  m icro-strain  
aiS , ) .  'fho la t te r  values have not been corrected fo r  fee gauge fa c to rs/  ODD O O
o f the particu lar H.R.S* gauges. individual corrections to the readings 
would demand a considerable amount of time unnecessarily* The corrected  
values have been used fo r  the determination of fee S va lu es.
Assessment o f the e f fe c t  o f the B.R.8. gauge length
I t  was desired to  evaluate the e f fe c t  of fee gauge length upon' 
the measurement o f Young’s modulus fo r  cy lin d ers. Accordingly specimens 
of d ifferen t lengths' were employed w ife a range of S.R .S. gauges.
fee  longest cylinder of th is  se r ie s  of te s ts  was S .15” long* and 
was prepared w ith three gauges 1” long and |rn long arranged symmetrically 
around the specimen at mid-height. Figure 4 . 1—6 suggests that there i s  
sa tisfa c to ry  uniformity of stra in  between the two ra tio s  o f specimen height 
to gauge length tested .
At th is  stage of the in vestiga tion  i t  had proved p ossib le  to  prepare 
a sa tisfactory  cylinder of f l i n t  -  a variety  o f s i l i c a  notably d i f f ic u l t  to
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nvMjfmim:Qpim3, of & vary b r itt le  nature* I t .n e  idelctecl to u t i l is e  iklo 
cylinder* within to/* d e c i l e  U n it , in  lb s -or* ..X  rang© o f tfeaa to o ts , in  
order to compare ito norfonrar-co with tl& lejriiaejxoEntr granite*
iise height, o f trie  cgeciran of f l i n t  ura 8*0ld* figure 4* 1—7 
efpon ■ up to an igeerege caxpnxudvj atrend of 20,£-C0 £«o#l» there run 
si© an^-ecinbie difference in otrains recorded liy tit© l t? ana tic  ? o \c , • 
i  further reduction in apeei-.xm Lai;If or I#&D5t me * **♦ *d „h ? 
iu!¥rnemrnr ©|eeira% ( r i4 ;;ro 4*X—SJt thi® t in s  the. cy linder being 
ec>2ipsunr;ei to f&Xltoo* iov.Tivrr frccture the ©train in the longer gauges • 
beeous r&rgineliy greater, £erh&.pc suipueting that the strain inccre&ooB are 
eivenoxng f  ros the cyi‘r u~ emr*
Tm  ah o rto st c y i i r . a r  tSmt could be * '  i lu red  w ith the  
^ d a t in g  oquirxxmi w o  :l»00w long . 'iiso longid  oh the 2 t? M# !*..,» gauges 
'b -iter than t h i s ,  the  lor-t a:; r coniuotr;! vith pft long cadi *f? long
gauge? a# ■ F igure 4# 1—9 sh o w , core ag a in , th a t  the  lo n g itu d in a l etsxdnx 
re?:salti con&t&nt over the  c o n tro l h a lf  o f  th e  height* ' .
a e  ffltycgfc .of giKe.Kini. .pteter,  t
An •»ntreSucioty tea t an o .in .aeries enjxLcyofi a w^eiuan 0#n;)n 
long ana re e; with th ree  nets of three gauge©, via* JR cntd ffg Xoiig 
gaigpa. IMe ty* \ war; loaned through platens, of g” glossier, 
ana of uiniinr otrel, to the roroeX glntenr* Figurs 4* I—I f  nemo the 
avarogo oteoino cWsrved plotted r,;;,rhr;t an ecpemlont otrerr* iM e  
la tter  function it-; tee cquiv*lent nlxonr that v,onlci be an^nex for a 
ejlirxicr 3d in  dloseter*
llio incrsrev' lc  ;1::. u - i t  rejection  in gouge lo  , .& e e l !
iil'ju  'r e f e i ,  together with : 1 egulxn i< ox airmo: a t  fa i lu re  * ? ie
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roughly a  a i r i e r  of th a t  f o r  tho lcr:y rgecir..?u in  Figui’e 4* X~~B* 
iho m%t  experiment u t i l i s ';?  tH: cjZ.1i ,.cr of rock long,
te s te d  e c v liir*  Cia a  conaicaft gouge; leng th  of l ft9 i t  can ho seen 
(Figaro 4*; X«***ZX)9 th a t  I U tc  eyyattrs to  be no c&gx&ftc&nt change in  the 
slope o f the gtmmm  giving oji equivalent H m l im$ xZzm  trio p la ten  alee i s  
rciucod* ,*o r;tc in e n  ims oubjoeisd to  a * *  load which clocr* i : cd 
r i # . the d l r u e t . r  of Che c f o l  platens,, c r d . l t  can he boos ilia t the 
apecSI33S fo ile d  a t  a  loner i t s  , 11 ind-tho 0*91” long sspocisssn in  the 
previous fast* -
Figures 4m a n d  l b  give gibe f a u l t s  o f coapresain.; a  2*49”
long cyliroor betmooa §f! clitnst ,r rXsism end bet*,, * te&#jd»riC6il doncd 
platens* the la tte r  ware adopted in  m  er.osavour to reduce ... erce of 
loading to alsoat cor©* liomever, due to the d ictoriioo o f the stea l under 
load* th is  urea turn juobobly 1 /6” to 6/16” in oicnscter*
la* graphs have been plotted irUepm?icnily ■ to- illustrate 
th e i r  11:/rarity, nifdo the r;rr/irnur. loud in  the second 1 v wan tzich 
restricted. to prevent fracture* Hie calculation of the fxudients -of 
tho two graphs9 however, rsvoaXc identical vnlueao? the equivalent Xbur.\£fs 
rodulii*
/* l e s t  upon the cy linder o f f l i n t  o f the s i s s  length  (figure  
4* 1—14) confirms th is  conclusion# h /a ir  the range a of ea/ps:© scion are  
uinakiilur'j, hut too equivalent h values are au h /tsn th tly  whs toco* llio 
tou t with the do; c l  pleteao wan s ig n if ic a n t in  toother way, due to  a 
loading to  log tteciacr.tr.Ily ronehou a t  which o racling  oaeyrrod In  the 
b r i t t l e  f l i n t ,  without coupleto fcdltmz being cchlcvc.i* H an i s  aoacribcd 
in  Chapter 4 , Port 4*
In rs f in a l  a t tc tp i  to  reduce the era a of load t r /n h V r ,  two
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3oimno c.?, urecred betttser* conical s to o l p la te rs*  vdfh th e i r  d 0  
Ijolnts applied to  the centre  o r the cp®cte*n end pXr/nos* 4# ■
enonr there  too jtesuti'** vbdeh era  re ts ru chip coroioioiit considering too 
p rce tie :.! d i f f ic u l t ie s  involved In  the purferaanee of ilic toots# i3acaus0 
of t l a  otoic-ur b is ta b i l i ty  of mch & eysUn. of Xos&i^g, a  braoo tube tmo 
©spl-oped m  a ccr.u n -r to  hold too fcpecicsru ilio pouritod eu «* # v ^ 
too o ie s l p la tens and tbs apeaim n ’©ore o i l  hold in  l in e  under load m ill  
ob onsulor clearance o f about 0*QI5°* 1'iiros c lo ts  dnare cu t i s  the tub© to  
avoid ro ts l  esrifcci td th  ids u iu  th e  iruxLde u im o ie r  a t  tlx©
b&so of t i e  tub© w ; d m l^ w  to  i l l  © racily on t© txx c a l l  boas#
Sie pcCnin C&’or. :.*i © xcr load to  £ive an eatlsateu. contact area  
o f 0 ,C2dw ditu’soiar a t  foiliiBD# • deem,is© o f I l f s  ip- variation© in  th in  value 
the 4 * have been drmrn fox*5 observed a ira ir; njyviu, t  applied load*
I t  v l l i  be noticed tou t iboro appear.,;. to  be & «ero e rro r  in  the 
inoaauiononts of bothl.nooSisono# f t  cannot bo accepted t i n t  in  each ease 
thoro vac fir. undetected e r ro r  o f ansr'oidr;atal^' 200 itm# or SO ^ttd a t  no load# 
i t  i s  tlxairlit th a t 'm i crpisiiutioi!. banco upan th s clcforuailon o f the p la ten  
points* o r m i the lo ca l c a of t i c  i i be r^un .jf rcU ■
At th in  starts i t  m e  Ciouplxt th a t i t  migit ho : 1© to exiorfi
the mx±m by c~ p:vnr»iri£• cpeelaomj in  the spanner o f tlx© BimIX toot* '
Ohio oorh In do*criled in  Chapter £* 2:h r l  S, but alihouph i t  I l lu s tr a te d  
in te re s t  buy fea tu res  associated vdth t i e  firctur©  ueemanlauj, i t  w o  not 
poimlbio to ruko a d ire c t eu parioon vdth the dehorned!:..©©! rearurvixsnts 
ivou beiup irv o o tiip ttf*
. l^ n r i tu a itxci .s t r a i r **’ r  i le a
( l )  Ifoclpsra>, 1gf4ed tlxrpnph _.r^x;ol ^platopn
F'i q . 4 J  —  IS
o
Pe  H h*-A fcNMAWf2
'Z -SO ihs . Lo h g  : F o i t^ r^ -D  F L A r e n s
£■. £. S. GAuG CS'
00o oo o o 0 0
a v o “7
c r e s i r . ;  r  - o r : ' t o o te d  i n  t . d r ,  v z c i t o n  Of t h e  XiOTkf m &
ho-d-
the'0 AI«Rutlir. of S*h n cn no that a .eeapariton o f the tselrhi to
d\* *2 ra tio  right to  sx&e* Straira vein ;a\ rua,,;. ty  gaugoe having a
le ^ - ih  r 1* 0«S n*o* ( ^ m *  0*02”) 9 Ticho . l:.o r  o;f r  cl ruiclx:co,r& in  
positioning* I t  .ms connidorod that there rsuspm tcould give opoi mlxies- 
of s f e i r .  Ter rang In aind that ik s lr  3 i s  r I ,r < rur.wr ibasi 
the crystal alsos of tho rod; irdruralo.
A sing le  l ia s  of seven gauger; luero firod, to  the  S*h£ff long 
spaefem* end ' too g&ttgps voro equ id istan t lotrcem  tb s rixV heighi mil 
the cylinder top ©sd# Ida cen tre  l in e  of. the -gcusp adpseoot to tlie top 
m e  fsgpror* 0*0£ftf balov it- o to p  edge o f th e  cylinder* sml th e  rax ia in irug  
gatfrec vers then 0*£ht* vurt*
Figure 4* l~~Xo shove the d is tr ib u tio n  of s t r a in  along th in  
surface lin o  of the cg/j.Inder up to  a r.ti'eon of f f 5CCC p*e*i*5 the ■ r t rv lrn  
!/**« t ~ t vj, o * . “ i  x ' t ’ * f h l c . i  «* I  r e c o r d e r*  l i l y  d i s t r i b u t i o n  i n
o sasn tid lly  conrirrX c v ^ l  f re e  the top prune (fu* 1 ) , t id e d  receive', only
a n iv ll  s t e in *  f  r;:- *rr tvsrry* the ijpadnen vsa jxjset and re too led
several times*, r i t l i  s5rdXor re s u lts  In cash ease* '
*0 irnardlgale th is  farther* teo additional gauges core 
rym ieiricaily creuna the cpseissn ton* figure 4* 1«~17 nhom* to an 
increased eonlc v \rcin* tha t e l l  throe top gauges a te  r.or d if fe re n t ,  
v;ifch a lig h t tension being experienced i«  tt.o o f the gauge c*
dhece re s u lts  required fu rth e r  in v es tig a tio n , do ihr-i m  a t t e s t  
’nan te le  to cosvpoxo their; vrith the e ife c ts  o f deliberately ro&ucinr; the 
area of load transfer* Figures 4 . I f  and i f  i in ilc a to  tlsat lo se
o f contact vsc indeed a poneibl© one as fa ir ly  eauutant tennile
s t rnxxin texe rocorded rhen th-o eiuucjleon m u ccsp*onsaa botseon pletona of
r~
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reduced dinsotors* I t  eon tilm  m  noticed th a t gauge ho# 2 in 
in em nsirg ly  effected  by the  induction in  contact area* although g&ogD 
Ife* £# a t s  distance of 1 #•*’ r lo lo r  the top# i s  cnparontly unaffected 
even. by a  p la ten  of u<f of.root *r#
4 alisiXar se r ie s  of te r  to *rar> then pexromed t:pc/; t o  ppeeton. 
o f g ran ite  1*47 n long* shore length  could aee-e., j i r i e  only
fo u r gsugeo hoiraan tfco tori o f trie epecSjron ar.d i to  ssid-height* a t  a  
trac ing  of 0*2SfJ e/e# 5'hf gtvgho eUcnsu i s  Figure 4# X«“~21 to  21 c o ffin s  
tlin jaxsvicua rosu lto  fo r  * o longer specimen#
( -~ ) /., noh"^rr>„lorf?..... thrpn  h various
Hie toe speetear Ce..cr£bed iarsdiately above t»re also
compressed bchrrro i nh«nlatcnn c f  r:atorlr.Xn o i l e r  th ru  s te a l*
Sn? f i r s t  type of antrrlo l w o  that o f tXyv;oo& (b*pXy variety  
i s  dlren placed batreon tin) npnoJnen enfn and the normal c te s l  plateno* 
:b,gi r^tn;f  ^ X*»«<25 demonstrates the remarkable e ffe c t  that t o  plyvraod had 
iigon the top gauger^ eo; gored is ith  that without eub^platsmrt In figure  
4# I***!?# the top gcupee in  the'present tent have ajsnumed a gradient 
cen.rirtcnt v ith  a i l  the other gaugea* and aleo r lth  one m o to r #
She snorter rneciDSS'  ^ X*4?w long* also Indicated a c lsd ler  
e ffe c t  (figure 4* and t o  Tuyenoi here actually inei-nneed the
n ir a to  to greater values than gauger; for* 2 to 4* 11:1c; specimen w o
rlco tented a fter  the aluLt-Ion of tv a extra gauge a ot l i e  r:d,d<4 r  irlrt so 
i imi» Y,it.h suitable sir in g  o f the three gamer in  aerie: ■* on cleciric::,! 
average could bo obtained* figure 4* X—*27 chew & comparison bstsfeea 
the ats^ne^ntrain rcuctiorehlpn at teidrli3ifht$ top ically  linear* end at 
tiis apsciren  ton under e te s l  p la ten a  m l p ly ra o f  e rb ^ lcA em #
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f t . l r o u u ''„ Vcr.^ai ;. Catena arid OBs anssulla caxs llluslso itod
in  c io sra  4* 1—28 to  51# Baa masfena s tre s s  m s  ion  in  these te s te  m  i t  
liaa O03E oi8s&¥erc& th a t IBoctino ocemaod a t  a ansa * 1., u&Oer
ihsae  oonaitionse
/» final, %pe o f  f'O l^Baian i c t e r i a l  vas «. % « c l  in  i t a
&«n.uonco uaoa t in  lo?Bor c f  the ino a? acfenjs in  tha czrtxm t eariea* 
f;Ca ier.taiv.oi oas lVi*f*K* on -eBkrs* * sg thick* fou r loading 
r^eioa {Viaurc* 4# 1—52) noro c a rried  c c is during c lick  i m  
Imesssc aclicat&fiy cozrn
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Iw 7  1 (b) Concre te .and a  range of  food ty re s
M  a  jrosult of the cvidenca of the e a r l ie r  v®rkt i t  m s  decided
to  fiotamisiD t l a  c trc ss^ s iru in  roIaiionsLign o f those tatxterials using a  
standard, spocrten length o f 2.50*** end a  stand&rd i.c .d *  gauge length  o f X1*. 
Moat of the cpscissens tjere ■ ceign’oecsb to  fcdluro*
Figure 4* *L-«*£5 tinom tb s  rol& tionahl£ fo r  f l i n t  concrete* vfcich 
insy ho ca. pared til th  tls&t o f  n a tu ra l f l i n t  in  fig u re  4* X<~*14* sopzo&ucgd 
holts fo r  inference* I t  is . c le a r  th a t  the e la s t ic i ty  of the concrete docs
not ressdhle th a t of i t s  aggregate ss .te rla l*  ffeo courcen o f  there  tvro
deposits d ifferen t*  the f l i n t  rock being obtained from the l i t t o r a l
deposits o f the Ibigliaa sooth const* tint the  f l i n t  .gravel fro n  one o f the  
gravel te rraces  of the l iv e r  fhcreo# Bomvor* i t  i s  no t thought l i k e ly  
th a t th is  nr/ald laafce a su b s ta n tia l d ifference to  the jh y n ica l behaviour 
of the f l in ty  nkich i s  tton^rystcOLlino s ilic a *
She concrete n sr not fre sh ly  race* the cy linders hovurg boon 
cored v- a (>** .cube i :,r;£&cturs& fo r  previous research nork*
fe s  o ther spscisaons of a  sediiseutsry o r ig in  vmm tested* both 
oandstones fro::; the Fbaick?n deposits- c » She Cfelcerosus sandstone,
Figure 4* l~~55$ i s  a ssatoriel th a t  could ho conceived a s  a  mttmzX concrete 
v ithou t aggregate y • having arenaceous. p a rtic le o  consented together
c i th  calciuo  d ep o sits . Figaro 4 . X--&3 bbems c ty p ic a lly  ergliXceaottc 
ccndotoso* vhaac p roperties  in  compression cere i n i t i a l l y  ir re g u la r . Shis 
reek could be ccsparei c l tb  an a l l - f i r e s  concrete cenovsicd vdth  c lay .
itro cylinders, o f Igneous ruck ver© te s te d . fount so rre l granite* 
mmm in  Uigurs 4# 1—57* i s  a i?eXX<caom In trusive  x’ock fro n  ic icm ia n shire* 
chicji due to  i t s  location  end properties*  i’ircin a widespread app lica tion  
in  c iv i l  engineering in  houthom IFigland*' Flavians te s te  on th is
oaa 
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failure a t  a*oun& 40,000 j>*e*i*, but the psreaeni test 
%?ss abandoned wlien one of the fauces l&cauc detached* I t  was tb x ch t 
tditxt the lin earity  ox' the graph tmo ru ffIcieut to ju stify  ordltti&g a  
further auDruranont of the H veiuo»
foe second irxeous rook, desekenite, is. a v.ec;., eoainos~graim& 
b a d e  rock from £&Zoe£\y in  Scotland* fi|,pro 4* cononetxvios ttie
e ffe c t  o f i t s  d ifferent mineralogy bj ^deleting an & value o f roughly lia if  
that o f  iiounisoifei granite*
F in a lly , in s nstaxorpliic rocks were ten ted , w ith again the 
selection being mde of one strong cm! one l^eai: rock from the groizp*
i  u o r tn ite , :. igur© 4* '1—5Q, io  a  rocsryatallisod sandstone fxoa
rharivlclieixirc w ith a  high streng th  and cai 1 value o f 10*0 & 1CT p*o*l*
CMorite^.V'ica**f-ehist i s  a bo&vily XrufLnciied greon-coiourei. rock 
fror. the dona eorixles of /Anglesey* Tm specimen ten ted  contained, a t  an
r-.
angle of about BIT to  t\m d irec tio n  of co cprcss&o% alleC Xugsrs o f 
Qumrts, c h lo rite  and mica, along which i t  eventually  i f  l i e  ,* the  p ro p ertie s  
of any laminated m ateria l t a l l  be a f r ic t io n  of d ire c tio n  of te s t in g , 
and th i s  specimen, was w because i t  was tiio only ©uscesof u l
q y lin ie r  to  be obtained f ro a  the rock* f ig u re  4* 1 ^ 4 0  give© a  tangent
If.K value of cauy u*S % XCT p#e*i* a t failure*
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S ff f   2 Qm' inch a l e r t e r  cylim icro loaded thrxni&h tlscsir e a i  f& cssf
the Koaruroieant of f tp m t l f t f .  Jem ! ctr&in& on
firpfn...gmcmur c u tr ,o r ;;;  Jo o .pd i  ffro. p e l , f  .h>iriC;tcc-
i n i t i a l  ergordietiis to  dstoimXna the d sw :fs :ro n iiu X  o tsm fs  
employed tra i l* ’ long gouges .fired  or©' * * gorlphsry of trio
cy linders a t  tlis cassirer. top (ami ih s  ei£*4:d* h i ) ,  m& around t l © edge 
of tb s s to o l top p la ten  in  eord&ci'wiib ib© spec„ a,« lim indiv idual 
gauge read- fo r  a . 2*£Qn loop cmociiaai are slaant an iiim re  4 *  SH*L, 
and trio tmoT&Bz readings f c r  a  a «70w long tm m m n n  in  f ig u re  4* 2***»2«
■ fhose two «i;parira3irt-:, uiuapoat th a t the f r ic t io n a l  re a tra in f  of 
the  p la tens on tire cy linder in  ac t t o t a l ,  but i f  mm f o l t  d rat too
re la tiv e ly  large: nit.© o f the s tra in  gouges n igh t not give cm. r„r: cia . .*;?:t o f 
tire aoveiasnt d o n s  onsagh to  the In terface  • fee x m t gyop% f i n r r  2 *!• 
therefore  m m m  emncmmumnt.. in  in n  using b#l*f* gauges B r,#a* long 
in  cm stto o p f to  overcome ib is#  nhori placed 'la te r a l ly  am uni tiro 
cim arforeneo of too oy lm lo ra  iham  gemgee, ifxich im l mi. a ffe c tiv e  width 
o f  1*5 a«2i#, enabled efraim i to  bo recorded w ith th e ir  cento? lin o s  
a t  0*CS” ' from the ©pooiasfi top# T m ' U * n  verro s e n s it iv i ty  o f tlis 2 
gauges tan  n eg lig ib le , m% m  allcomnco fo r  th is  e f fe c t  mao seade*
f t  a jitroso lev e l of 10,(40 *«*$.*, figure  4# 8~~S Indicator, 
th a t  a l l  the touivi&ual grui;ee on the cpocirxei top Irave g rea te r valuer then 
th e i r  opposite gouges ©a too platen*
A record 0 0  then ©btnirmi fo r  the e lse  i r i s  s i  nveregpo oV Ibeca 
tom cdrcudbrcacoo fo r  c tre  cmec up to frac tu re*  figure  f * &*«4 obcre© th a t 
a t  frac tu re  the s tra in  o f the o p e c isn  d o e s  to  toe outcrfaoo fa  about ?&«
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g re a te r  t e  t lv x t  o f  a  efeslio r p o s itio n  on th e  s te e l  p iston*
Ihs e f f eet  o f ■rent rflt ton .; proa
In an aitx'.yl to com: d o r  the e ffe c ts  of partia l load trasinfer 
asm -of supposed piston restraint described in  Chapter % a ser ie s  of 
experiments wore performed sim ilar to  those in Chapter 4 ,  Ihrt 1 , v^ mro'fcp 
the dieodtore of the stoo l tds.ienn were successively reduced*
Figures 4* 2~**b to 8 illusts& te the resu lts  o f compressing a ■
cylinder 1*84” long, f i t :  issasuremmr. of the circumferential • stra in  being
tsker* at the specimen top mil ndd^bsi[dvb under d ifferent dianmisrn of
stoo l platan* I t  can readily bo observed i * a reduction in  the cares o f
loading tr a n sfe r  the . > ^ m* greater eix^uisfcrential stra in  freer the
epecitsen too to i t  a rrdd-liei^ht in  o T*ronounced rmy* fiho grnpaa arc; drawn 
again us lag the* concept of esuivclent jtrcc-;:, ac dmerlbed in  Chapter 4 ,
Isr t 1*
In canpaj/ing theco &ra?riii&o i t  la interesting to n.otice t ie  
progressive increase In the ecuivslent S value o f tho apooargn top, and 
th© opposite e ffe c t  of i t s  j i^u**helght* Peitnyr ipracliont has Srmmismd 
ccmnlcnt throughout the four graphs*
Figure 4* £«*«9 ehawa to ass entayyd horlaosital scale the e ffe c t  
on these'values for a 5*70w long epcetesn re p:o . rm between honied inrXeal 
done ,;, p i atone* I t  would mvrnr that at Ihrcture the c i ieiutlu 'eniiul strain  
at tV/j agotdten top la  rung*lac lip  gioater*
The e ffec t o f d ifferent m.ib-»ula.ton ratcrle la
riko 1*14” long i:pet:isaux van used in  a series o f toots irivoXvirg' 
loading iliroagh various md^platon cjatoriala* It i s  pcmeible to eoxg&re
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these resu lts u lih  those g&van in  I&gure 4® £—b> uhtch tbovui the rtcfcsaX 
s t r a in  d is trib u tio n *
Oiie o ffse t  of 2;l,ynnoi itit©r|;or:od boiseon t m  cpecisaan end stea l  
. platen* Fi >«. 4# 2—10, in  to rouse© tbs dlffcnomce in strain  bstc con
t!ie z'TCb'uSii w|> and rnd-^oinht* vdihout going outside the o ;l. ia&l 
range of vbtusu® i t  xV 3o-/:or ©tannico* a s lig h tly  Inrgoi’ reduction i s  
issue in too top Birein then cat incutuio ii oil©In a t  c&Jk* -1 at® 
iib r  graph i t  appears that ties ply eouliluos the a 
distribution* -
In bl;;oin 4* 2—II* the t tc c t -o f  a proprietary s ilico n e  grease* 
uooi in  e le c tr ic a l cnginesring, 1 ' - as an interface lubriecirU I ts
e ffe c t  ceer.c slight* except to st i t  eppoara to i ’sprovs the lin earity  of 
the strain value. to a high cirano* Ib is could have boos the anticipated  
resu lt of Xor/sring the fr ic tio n a l roeioieac© at the r>latiui«specinon 
interface®
/if ter  & tlioroupk de**i<xooslr5i  ^ the cpscluc© m o enfipiuooel bstt?scn 
la tex  rubber of too tlilcknon^osj 0*012™ end G#GS4tt thick* tbs rcoibi: being 
nbovm in  Figure 4® 2—12 and 15 respect ivoly* fh e lr  e ffe c t  i s  -to reverse
the position o f rrodsuri tdrcmeferurtlaX ©train vdth ©o:©Idei©b3,a changes 
in  mgnltude* i t r  rexioua. strain non appose a t tl© lall^haflrt* and fo 
s lig h tly  greater in  the caso of too thicker rubber®
Figure- 4® 2—14 linuatobor an niU;. p i  to consider the e ffe c t  that 
canont pet.cbr wight have In the tCfHlyig of cenerctte* 'bio resu lting  
graph in very s lu llu r  to !s,-cue for the rubber :Aie~plzdar.;e9 and probably 
for* thr? om,a yaasoa® fho tliiclniooo of too corent could rut bo c lose ly  
controlled in the copermorii^ and the poudor vxie eb;;r;iy squc: t cd out at the 
coses bsarlip a. central coon of gooder remarlrp*
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fu r th e r  €t%\rori^riis with araol'or suh^uaionn vbtq  p b Z itm m d  
csrucying t. epoeiren that ooo substantially longer thud mrore* .Fifpms 
4* 2~~XS ant. 1€ show the accoritric notorious with the iw  ftc* nr or- of' 
rubber a t  f a i r l y  -low strscaen* unior severa l ^ s of 2or c.‘..'.> i s  
Inier<?stif£ to obscrvo th a t  too otroru^etrniia curve to r ,  the mocimm  top 
r . \ , :rivr to  re&cfc a  lim itin g  ohore in  figuro  4* a f te r  sxmzn i, t
eyeleo* vhsn the i n i t i a l l y  g rea te r o tn d n  o f the cpeclraen top® sxvk! w ith 
tiro md^helt \ l p become ra th e r  Xotin*
fho final e&teribl utilised in the for?; of iidwtf ter . nor. that 
of { t  thick >!Vi*f *2* - this tg a  used oo cy linders of X tenorim d? granite 
that corn &*35,! am l*b‘T  loop# Its intention in these cup jrtamts woo 
to obtain a profile of ikd etr&ins at intervals aloroi the-length of the' 
rgoeit'sin aid to crnka a ccrpsrlsen fetvoon the strains zu3iTrblhy olrxdned* 
rim those obtained T&&*n using too .?*?». ».;• reb«pl:sh:rn*
due f ir s t  condition gave rise  to figure C* 2«*~X7* which shears 
a p itd ils  of hoop tdm irc recorded free the e le c tr ic a l a v erse  of three 
guugor in eceli of nine rens, betrean the reeeiinan ton and i t s  oria^l^irht# 
ib is  given a. rpgcig:; beteren gouge centre linoc or? 0»iS*d she gradients 
of the graphs shoe a heaping top stra in , 'which in- eornnm iesmreh the e* 
oniojt crepsred with lin os .of futureming concavity u n til they boeree lim a r  
fori;;-or awty froidXtbafir cidl. jinnac* the ratio  of rireino hotweon position  
ho* 1 md ip# 2 reduces dress o'bsui 0:3. on in i t ia l  lording to- ire-rordroto 
ecutddiy bolsren Io*c00 to Xfhd.i p*o*l# :td# bv cxin ipolnlion, bccre&o 
lo ss than unity above this rIranr#
I t  r i l l  o l e o  m  o l-n e r e e d  l i n t  t h e  g e u g o s  t-.i p o r i l l c n  f o «  f  r i c e  
continuously higher volure o f hoop s tra in  then th e ir  roigklcvra*
f i g u r e  i *  2-—It; s h o o s  t r o t  t h e  p r e s e n c e  o f  J w h ' h h  n on  o n
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e f f e c t  upon th.» *. w d t r , ro o m e d  a t  a l l  p e t i t io n s  except less* 7 cu t ih  
71 ic o tsm ns a t  trie o ther gauge po in ts excluding Ids* 1 aid increase in  v&li?g, 
m tii the aisauni of Imcrc: / o d e c re e in g  fm-a Ko# 5 to  ho, 7* The top 
s tr a in  l in e  rcm g o ,  a aXXdly concave to  tlia ©twsca ax is i n i t i a l l y ,  
clr a h r  to  l in e a r i ty  o f le e r  s t r a in  inerosee than i t i  ^ „um , carl o f 
erarlhorbhfy le s s  s t r a in  t in  figu re  4* 2«™»I6*
flie oecoea ec^pcrison botaoen IVX*VVd* end steel mo psrfoniar on 
c. c y l 'r' ^ r  1*00” long* aero cm rc ttr-p t m e  rode to  analyse the  c r i t i c a l  
cone cyeimi the ton ol  ^ ; speedtmxs m t i  tiiroe rone o f gotten  c lo se ly  
spaced* The tmneing o f tten o  g&ugon m e  nor 0*03” c /e ,  igm the r e s u l ts  
are ©horn in  fig u re  4* 2«~»X0#
liia convexity o f the  o treo a -o tra in  curves can. be seen to  decxeiise 
frern position  fo® 1 to  to® $ unscr m rr& l lo a fin g , as experienced in  Fijxuro 
4* 2**»18# fa  the s tre s s  incroar.se:: a. a lig h t concavity then b r ie f ly  appears* 
under i**X*l‘*l5* csi^fLntenc a siriLXc-r s t r a in  p a tte rn  orison 
as In  figu re  4* &•*»£&, id tli  & large  reiaoticiii clone to  the end plenary 
elmrging 'to cm increase a n y  f i »  l i s  platen©*
F in a lly  tire gimgirg on th is  egeoicxm wm extended to  cover ilio 
upper h a lf  of the cy linder, and the rom.il.to cira nksnn in  7 lm m s  4* 2>»20* 
I&tSceitebXy, on© of tim gauges a t  lev e l ilb* 4 beam 5 inoperative .during I1''*5 
t e s t 9 h a t the r e f i l l in g  e irm n  .Xirem demonstrate eg dm than under non. ml 
s te e l  p la tens the cpecison tog- s t r a in  in i t i a l ly  increaaen rcxlCxly c a -'.parol 
with the gauges elcev/bere* Tne entrapolc.iien suggested fo r  figure  4* g«*-10 
ir. now chorm to  be rocmonrllcy a a curves her;* 1 aid  2 diverge noticeably 
having 2’ougiiXy equal vaiuoa between 10,003 and 18,000 p*c*i* dounmn 
frac tu re  the top s tra in  la  eonrddercbXy Xeso than s tra in  Oh* 2* I t  in  
a lso  evident fo r  again curve fo* 7 ehone e tmrhedly h igher s t r a in  than
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d t t r a in  roasurstsant t h e  plr.icTfos,); e c l t w .1 ..iRteag^cp
Sis cy linders o f a r t i f i c i a l  a n t;x it  I s  v&to ezm^jmd in  the stma 
aaxmer os the ife&^ns&OTr g ran ite , y&U: 11:e i n i t i a l  esperSaont* • i l lu s t r a te d  
in  I'if'sr® 4* 2—21} showing the d ifferences of s t r a in  obtains & a t  trie tare® 
in s u r in g  po in ts im ieated*  Ufcs concrete* vfnicli m s  instate' and well** 
hardened, contained crushed Xfesa&c&aftgr rock as i t s  s/4* to  S/lo* agcregato 
and f l i n t  g ravel below th is  sine#
S k? i-^eph allows the e i r t ^ f c r s a t i e l  s tra in  ru le  o f the s te e l  
p la ten  roxmlitlng ccnotcnt* *m;l eon&i&eraibly leaa than th a t  of the concrete* 
S o  o trs in  a t  uid~beigbi i s  re la tiv o ly  l in e a r  and ■ co -d e te n t ,  but the 
successive loading cycles cause insKm\vntmlo s tra in s  to  oaour a t  the 
cpaciiasn top*
dhe second expcris&ftt (Figure 4* 2**«28) u t i l is e d  rubber aul»«platens 
0*024w tide!;, vuicb reduced the p laten  s t r a in  vjdy h a lf  a t on 
equivalent lo; 1 W Figure 4* I t  about t  p*o*i* the opcelrcn
top u te in a  suffered  a  d iscon tinu ity  m ic h  a lso  a ffec ted  the p ix lm  s tra in s*  
Before th is  the rad-lieight o f the spachsan tms dofersdiar a t  a  c re a to r  rot® 
than i t s  top*
Figure 4* 2*»~25 coaptree t\ o d if fe re n t types o f specimen to
fa ilu re*  2 m s* gauges vmm used in  these too ts  to  enable a  c lo ser 
iaeat!ur®:sent to  the in terface* both the s o r te r  and the concrete su ffe r  
rueli g rea te r s tra in  them th e i r  respective s te e l  platens* although the 
concrete opoclrrm displays te n s ile  s tra in s  a t  lo r  s tre s se s , and the rorfcar 
spociren has boon subjected to  a  li-rgc s t r a in  increase a t  about V9i  p»s«i*, 
norther of these events has affected  the p la ten  stra in#
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Pi pm? 4# ohcnvs a fo K  t e s t  on a f l i n t  a o r ta r  e jlindor*
r ’ i<i!i analyses the i n i t i a l  e its e s  o f lo: ,11,v  in  aore d *«.# h 1 
in i t ia l  s iro in  a t  2m? ntmzc. i s - th e  ro s t  noli? s  f e  * o f a  tan  
fi;m iie?r errf.n^sgnt of ©trains#.
f  t e s t  upon hoiderm  c esss t c ; ; i a u r ; s # out from a. 6* cobe* 
in  Figure 4* g«*~25, i- w even f&th th is  ©atsriaX the eisxnr.sfostjrti©i s t r a in  
a t  a d istance o f Cv#OSn iro n  the. is te tfa o c  Id c.n. .‘f a r  .hi;/ g rea te r in  the 
i .  ' c i '  ^ t i  - i s  t i e  s te e l  gl&tan* f i t  c ^ a rc a  rU crved  s t r a in  values a t  g - 
crhas© o f ¥*000 p*s«i* a te  &$. follows ■ .
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Ihto  cgaitt the inid^height dlepXeF© i^ 'ics c rea te  a t l in e a r i ty  ana tho b a l l a s t  
rurr&tud© o f e-trai!;*
Figure 4« S^«23 in  gn oriension  of t i e  ©troas**strain aorve to r  
the speoiisou tcnj gguge Ko« 5* ih is  a is p la jc  xxrmrheM© l in e a r i ty  vg to  
a  very high atresa#
y«sfe*. vr. ;Msaikgi&*2g.
Throe cfXaao: a o f  coricaaie* tc© o f &94£% gsd ora  o f g#4SM leng th , 
ta re  nuh^ectei to  e  v a rie ty  o f a  p la ten  condition© unaor conprocrion*
Figure 4« 8«*~27 ©iota the axaull: o f one o c o c te n  loud©;! bote?$n
©teal p la tens o f d iffe re n t dictator©* In the stror.e raffO covered i t  aip-ear,-:
th a t a redaction of the are© of contact cuusoa the p osition  of :;aj:in;usr;
ex p re ss iv e  s t r a in  to  chance freer. the s p a c fe n  top  to  it© saiu-daiifrt*
1 b rav e r, fifura. o-» 'h****2o ©hose ilia anno cy linder under f a l l  end &s$a Xoo&ing
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Ida escort cylinder of t]*e s&sso 2»n&i3* me; tesiad. 1 ‘ 4-#
tirfter f a l l  eren loealiigg m ic e  to  ters th ird  cycle o f lo illley  iron Figure
4# &***%19 m a aim  fcofautm J ” dlcsatoy s te a l platens* A * * ,.
in. t i e  r c r i t i c s  o f the re& ter s tra in  i t  if  In e:qpri<mced* la in
epoelmn. tan then co pnoe-ch to Ii ilurs using 0#C£4W 'thick z  i -os. .sib**
platens*.. - Figure <♦ 2«**4L r io ts  l i s t  ** p ro -anzo of the  rubber e^xaixmrpa
t!ia p o sitio n  o f th e  Mgiser etr&in so t hot the gro&for, s t r a in  a t  ftolluro
occurs e£ the  rm clnsri top*
I ra  f in a l  c s s r ln a n t  <aam iz^', il*  j^ e liio n ln n  o f 2 rwa*. geisges*"■■■.
hoih rdtli 2\ig«rd to  the rpoelnsn height and a lso  to  the  ro tcx ia lo  to  vfoich
they tare affined© I t  i s  clear that i f  tee T3#K#h# p ipe era rm llo r
them the: Xoryn.i eoneiBle aggregate t i e  n tre ln c  specified t r i l l  r e f l e c t  the
lo ca l eo. 111 i  r.c of the 'ind iv idual p a r t ic le s  o f  the  concrete©
fib  i l l u s t r a te  ibir gmigse m re  f i r e d ' t o  Hie s 'sco m . in  'ids u::usl
\.cy am  a  record m s  isado o f the  ^ a to x ic l v&icU they covers!©
ihsfo  records* given bolov^ eagmm  tfct m ee t: pa o f Idle gauge
lengths f ir sa  onto Has €eesnt**DtieS r:rt;lr* the rsm im io r of the ifsigo
feeing ceuntoSt on a  rhece o f i&rgs c.., rep 'to*
Cause -Ko, ; rc: © -I of gnir-e
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P iip rcs  4© £«^S1 ism BG ahaw the  isid ivlausl o te& n  m a e u i« o n l 
f o r  elnso very rr.rlh  g - ivo  to  tUt’X'oront m ip i t f  c a t io n ^  csd Figure 4© 
g*^SS &!r*v' the  r/U sl: :i os earn fc"* the  top throe. guipor. loaded to  • 
©vo;.!?* I  fm d u ro *
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t t i B  s e t  ©f esporiiseut:* %t&s a  developsdnt frtoo ib© c&^pr&gstoi 
i r r i l  p o f c ^ in o s re  bbiraon po in t loaia# /;Ittosgh  no t ciiir?eilr oo^pst^Mo 
" ffb  the e a r l ie r  to & j  i t  elooo piovie© eoro in io m o titc  i l  ru t r a i l  x. 
o f tha  frao tu re  rocbimltus of b sd iilo  Di;tc?rluio* flss p resen t rsim er o f  
t r  i l r p  i t  iv rx 'i~ p  r e f o l d  to  m  the* jr«disvcfc fcmutle 'tost of* the Bfauil 
tout* l i e  l a t t e r  rvrsse o rig in a te s  t e  s  fouili Ism tism i  a t t e s t  to  
i r  popart a church mnolith-3c- l :y  oa  c ^ ir i l r ie D l ro lle rs#
fee pure o f the  g rea t p re e iie n l tfp ^ lfien ico  o f  rush a  l o r f i i ^  ; 
condition in  r»ohardcal ©nsgircfcrlns T?ork* both theoretical aril orpoidsrmtal 
e ffo r t liar been devotee to obtaining an. undcrai&iiding o f tlbu. ssytsi&s o f  
ttrdirg* ' i-a'm o f t r io  lio.z broo dcrerfboi ;V.: adapter. 2*
(a) fb vfP dbrVrru. of. .^ br. did ’ort pi,of ,t ie  principal .atralrs
■. b i le  dorb d ie  potfm B C ii to  e o r f im  the Ih o o re tica l dc ienss
o f the mrmpeirrrf; of tho saxbaio ©n& r-iidm r: p rin c ip a l a f e b ®  uno&r the 
loo ting  fo o te r of the  B rasil toot#
■ 'btroiti KeasuroieBte dure m c o r d B il using §** S«b*b* ■?; fa eaagso 
connected In  the bbcatntouo h r i d ^  e lc o tr io a i  c irc u it*  bio otoe of the 
delta strain pod id  m e X&r&or than Ideally  r:^uis.ofj> but vac too turulert that 
vua rv e i’tibXe er::rerci.elly  o t the tiv:o» b is rcdbLii obtained bide them 
couK e i l j  SnXicato m  evorega viiuo of the iiigniluvle o f the airririuj, but 
thop* acer to establish  th eir  directions cduuuutaly*
Tnv delta giiiico vara e ff ire d  to  each cob face of a  &«&y*T long 
spec/ten* vbich t a r  loedai through oteeb... datonos aril tbs values of the
i l l
mfHvtdm1 ctoerood Dirains fo r  < c face ore mrnrn grani&c i^Xy in 
4a I)**’!*.
Ths v, "‘\7,r c f  a^arto e:t any Itod  can to  rcrK nen tea  pr; pk len lly
be the 1‘o h r 'r to v i * c irc le  s II 1*2 coactrtxction o f iia,cl •:•' Vc-\‘? to .c r i to d  
py ftoostorko .aai toolicr (1131)» Utilising tala construction# the 
strain vrtocr for tto otoc (t 1 /-. ana B) of tto  -cylinder ■&$ loado of 
?#0 tom l * . 1B#0 'torn; ere illustrated in itoiereo 4# to~2 to 4* toto*
• oho iy< p h . c  : fig u re  4* W  toon a  inkrtod tliccontlnaityf in  
ccvorvl 'Canoe* toivaon ? end 8 tone loto* n;xn;ihly rcps^ocnta a crack
eo::xtoiere in. too cylinder* - I t  fain .iBmrofora dnolded to  dran the tibme  
e lm  to  otreXea corresponding to  .loaoa o f 7*0 .ions, punt Before th is  event# 
and a t  11*0 tons# Juot tofojai fa ilu re*  _ ■ ■
f to  to ra in  e ire leo .g iv e*  avcrega valine' o f p rin c ip a l (otocrved)
«*” *<»■'• **<•'*o te-in e  of 4- S10 it 10 % m i  «*£5C :: 10 ~ a t  7*0 tcorp m l  of toSO jr 10' ^
ana *>-205 a Xito' a t  11*0 tone*.
Tm mmnmo d5.r&cti.ore- of p rin c ip a l oiratoG am? rO .aa an 01° to  
the  d irec tio n  of cpcltod loafion  a t  7*0 tor**.# aid  an top° a t  11*0 tons*
Eto vdiueo at 11*0 tone 0!p«a;,.i ito prcrosea of an .ctin.ic: 
ftolure «. v fro. too- <m& £&ce;?* I t  mo f oral on exnm tto ton  after
ienttop that, the imoctora ton broken tortto centre-of i t s  -length#
pootoblp due to con: cu:aa.tana of tbo cyltolrle. 1 rarfaee*
Bosamr# the t e s t  didirddxe.te*  especially , a t  ?*C torn* th a t 
the 45,0001100. of the ra te ir r i  ion iu le  e-train lr: a t r ig h t  angle;'* to  too 
.d irec tion  o f . lo : ding# a n l th a t  the d irec tio n  of the loodrnr: c:nprco;4/ue 
d r a i n  i s  p reside! to  i to  d tro e tle n  o f loading*.
Ihc accuracy Of pooltioBinp the e p e e to n  to  avoid ro lling*  and 
o f nennxrlrn I t s  tsosiiir;:* could-to totoiirn 1 1°*
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(b) jOtes. v ^ r lf l io n  o f  p.he, yp^iicrX
Tim er; :n l.m in  dm e robed oisva warn extended to  ciotexxiino the 
tfa ra tticn  of tko. hovlr^:\V;X tsn e iie  ©train.eXonB the  v e r t ic a l  e ir /s ie y *  
t !? long l in e a r  tub*; * £©u:po vone bc?*? issou ?»uo©o overall dissndLutm \isrg 
such ©© to  penaii tl« rfi:dw g  o f -fivp patidhn betoeari lies xiorinontax eoaim  
l in e  am  t i e  tqp \ o f tb s  end face* Id le  ; rp .. ,a i  p rovider s t r a in  
values at inercsxnir o f C*k 1 the e ffec tiv e  niCth of ''oeaursosnt bsins  
O^ XS” in  e&oh cane* •
1km  ©padrone vero isoieil tilth ibis cerri^ rar&tion of - gauger^  .their 
length© being X*7f;M rol -2*08% far t r o l l s  of tluue esrnrim ds one £iv©n 
& 4* !U***0 and 7# which f,dvf the vaniotioB of c ir c le  a t  each gouge
point* mi alee id  final cibtribo h cno of Isarisontat, tensile otr&in# with 
orsynod byrsotrg about tea Imrinodxl centre line®
Use groat increase of iiorincntal at rein  tov&xtta tee grriretor of 
ids cyllodor wan oorddsred to  be of ruffXcittui Interest to  mrsX  e  further  
Irvcd igd ioh *  In an attempt to  record the tensile! ctavir* © till “ ' t o  to  
the eljm d dtsn eo  of the cp ilm cr  use tmo janle <s? f w lin ea r  *,Ui *i ■*• Jju »"
1 eitsplo te s t  wen perfoiral on & cpocisen 2*50,} long td ih  gaupos 
fined at the bcarisontcl centre line* and ©decent to the top eireuraforones# 
liis centre lin o  o f the 'top coupe woo tlsen 0*88^ fros the loaded edgo* cant 
tine .e ffo c tin  o M b  c f  : ~n.e" . .n t  won 0*O8fU i d  renyito o f - thin  
eipeninent tnw rhv;n r rrcl lerJLip Jus Figaro 4* 5«-S». © feature o f lisle
text nor; the i ’orn::tion of a  vortical ernok originating cl the top looking 
point cm travelling x®3t“0?ny ionre;!.-.' the dd^bolchi* F V-* crock in  
i lsu e tr c te i in  the &oco:g>mgslrg gkoiogrrob*
fh ie  craoh dkletxk;. upon Iocuir,r* but1 recovered t l - i o ' t  to ta lly  on 
w0.oiblBge l i e  occurrence j vdihnut no p ie  to fracture c f -I_, ’ ©ppcitsam th s
15*
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v©rtlc:*l cr&ck in itia te d  &t the tap or a 2" dteaetar
«l.eeisseu ourii*g t i*  latwsU te s t
{ .j»  cmss^ e ta  be aeei mi a th in  t& ito lin e  between 
tUi top *t2@s mu . the blauk ins. opotj
V *
thought to  bo a p e c u lia r ity  o f the deeding conditions a t  the  Xomr p la ten s , 
possibly by p a rt of i t s  lor.;,th :::r boiiig f u l ly  loa&ou*
I^ c r ih ; . lo s c 9 11 vrss t;  Ion to  in d ic a te ' th a t crackiv& i s  norcmlly 
ird tia tc u  a t tho p latera*  zrv 1;: i la n  xjropc^ied t^/orcls the  centse o f the 
0!>3Cir,r2!U
(&} f in g lo jp r rd p ttm n  o f  irUddp, 1 f r fc y f  m  ilp tep o n f d f f  I f  P?-' f  G11f ]oXhf
2b v iee  o f the  considerable ir^o rianee  th ie h  the  f r ic t io n a l
p roperties  m m cm *  id have- in the co::prsc;:dc» ia .^ i Jraotus:t} of spee&ssns in
compression* ■ i t  t o  dooidei to attempt a masmmanfc for th©
' t r i a l s ,  xmlor im*e£&@at£cn»
For the imroatenno o ’ ; e  Ip tnecfli piano smiaaori r&m prapared 
in  t ie  fo te  of the uimnl <pllia te  rr ? pi? m e  aaifi a lso  o f 2 r  cu t blocks* 
1-dr on ausec:e:^n.t c f  th in  t s t p n  tp iCtM**".' concrete and s to o l , asjasaimsrante 
wr© r te o  upon the utipropamd surface/.' of e a s t concrete cubes*
In it ia l  tents: on igneous iod;n care a n d  ite m  a syisfcoa o f
stiagatete r.eSpbte to apply the iicnrrl (tee* vertica l) loaf to  tins p laters
c p e e to n  interface* the lioriatetai loaf, ntetebrip to OvcriQisa the  s ta t ic a l  
f r ic t io n  a t  t h i s  novate lo a f  m s  siaasimte by a  aionusll^teted proving ring#
2i  is  ir-p rec ia te i th a t  the ee iinn  o f f r ic t io n  to; >v r i fi.al.ly 
during the compression o f a  s p e c te n  does not a n rte ly  i s , ,  j> to  th a t  
iuw lved  i»  th e  tre r te te io n  of t t e  platen ' ever the apscteimx in  t o  a r r t e r  
of there cjjpor x* I t  m s  ro t  earste terte  poooihX© to  invent a o f 
rcr-rnaing the  foraer* but i t  in  hpte* th a t  the racu I t  a obtained hare t e l l  
bo a t le a s t  an ar.n;rm:kxdicn to  t i e  itee tir:c .X  force::, c a lled  in to  ploy 
a n te  tg ccrczvjss dim •
the f i r s t  to o t (Figure 4* 4~*»X * vas indo mon a <|} cut cube o f 
frevor grar&te* a K atoria l not prnvinurdy ir<vc3.vei in  t i l s  crprrirmmal
1 ^ 4
J~ I G>. 4 - . 4 ' ---------  *
F  C i c  7 i o f- i  T e s t  5  e t  w  e  e  >-i 
~ T  (Z . B  / W  o  R . G K M  i T £  ■*-*-<£> /  //w . / a  .
S j e . g i . "  p t - K T 5 H .
0oo (5^ 0
Idiotofcm? mxt eonv©: .font to use*
figure 4» C*»~3 ? ta *  the resu lts  of a cdssHer osipsrlcssnt * , / o a  
4-** cube of concrete#
«ajy$* those resu lts viom aeeaptabloj i t  t/ae fount tojosnihle  
to ©xteisi the loading range of the te s ts  m ik  the - ecrui^'ont -describee!* due 
to the prectifo i c l i f f  © sitter o f 2©:. •*•£ tie  L^oissn ctu of obtaining 
rirfrseiorh: hor!rental rrcmvep ard orojg v 7g . r a a l  operation#
fhs per sirder of the o^er&aant© tasra m m  ed ib in the feseroyfc o f 
a.SOD Sbn /w&y tooting irachaio^ rbfxk crgll;-! the ux*. B to  the f
plate»*spoctam itsterfaee# fhe horizontal loaf that t;oo applied to  umo the 
sgscira.i re la tiv e .to  f a  vizXm m i, pmvltlzCi m l  manured bp tho ip irau lio  
3od: o f  a C*€i*h* prootrc' r :r : u a f.6 . fh io  jaelt porsesaed a raw travel o f  
about 25*y. «ri^  wscortod the lord -on a died gauge t© ca cuxurocg of £ 5C*2bn* 
f ix  ar* uroey war tvrnozsmi la  expressing  the fact, In a Clara A testin g  
. sisrbi’\iy and m  a resu lt m s ecrxiclereci suitable for ilq? present work* .
Clio i f (.* ,ty of ' * ergrriuQ-nle u t i l is e -  C” emscro by §il thick  
c tc e l  p lat one .Xp need for  eonerete c m a iv :  iso ts#  . Donx? es^Jtdmntn
revorted to the 3L* dteaster stea l giateao.used to  CQz&gpw the cylinders 
in  t ie  strain  rsosuiABxnt tests#  ■ bevevor* the Iscrieontr,! irovexont o f thaee 
la tte r  cisterns over the t ex^nsgri Mrii ©treroer; did considerable dziu&ge 
to  their  ixcM m i curfaces, and i t  heccxo ror/e x r y  to re s tr ic t  iiudr  
usage*
Xt T#tie irportcmt that a corrvct ao: caxxmt. was :xda of the 
division  of horizontal load ’botv.usn the too roving surfaces involved in  the 
compression,* and ties fe e t  nai!;m of achieving th ie t\ir to  e ffe c tiv e ly  
eliminate the fr ic tio n  fzmi ore of the op ccten fr rorfacoa# Vdth a ryston 
of ousperf.ad lo&uing there i s  ©rdy one reaction surface* but vdih the
P  e  I o  J-  t o  ^  7 - E  S  T
A C o M c e e T e .  c o % e  /v m c > 
s  j  E  e  l  p L  A T  ' E M . .
p /  <5. 4--4- 
S E T  v \ / £  C M
I 1 hj. ts | /5k. .
2.
o0 0o 00
0
<
0
4
<
V) S
Z
0
N
0
*
vn
3  ^  -7 a  v  o  ~7  ~7 v  z>' I -L -~2f 3  A
xxivxm:i i t  ma rsosrmiy to muxico the fr ic tio n  on ana fee® to
re&ligihle jnymrilcmo hy the incorporation of a bridge hearing* ■
Ibio tasariwc too cnarrrya.. to  nova 0052" 0 jnlliokrl stLirXcnm stoo l plrto*
00 tlrd lie; vary too cm fricion t of fr ic t io n  i, 0  ~ 0*01) ensure;* th&i
. /
the otiiur reaction face • o f the rmeSrati riritirX'ly rorilctei o i l  the 
Ivojdrorrtel 3.0a 1 cryliM *
l^igoro 4*-4«~8 rlmm tb s  fr ic tio n  roatntrsl in  thin ronnor b e te e n  
c ta a l oil: the Ti'evar g r iiilts? coil Pifiuro 4* 4^4:;airor siis ilor  reaulto for  
fount; 'i"’2\.X &ranIte* Xn ri* throe sorclhryr o f the hordaonloX load
v&rc\t?:kan-ct each irevorertt o f lo r y  aid? or con be coon fron.ihe rcom * 
m a ll rs soaotiren oomr-ral in  the oaLourol valuoc*
Figure 4-* - 4-*-5 shorn t  lyrrli roprs.-. anting  iha annle o f  o ta t ie a l  
fr ic tio n  for loiirrenvnrr <-rerdia r.Iidfny! on hcrdcirrl otool* . Iho lin e  $m 
to le rab ly  l in e a r  but i t  ibroXX bo observe! th a t i f  to t0.1, con tact area i s  
aLLuref otor the piston arm o f 1G an* ins*« then the m l a i s  io  1 :ty:c£©ntn 
a mvzrx'i tslmut> a t the interface o f on'iy f^ OOD p*c*i* in ir  io  r m 
lover strove than that involved 201 the exp ression  ten ts*
firais^r 4® 4~*- 7 IXXuDtraie ■ tho> fr ic tio n  obtoiviol hettmzn
too csportilo 4 W concrete cubes e f  their stoo l platear® live f i r s t  cub© 
had boon e n ro l.in  f ia lrr  coif s e t r i r o l  in  0. f ry  Zdm roioty f o r , 0000.trsiho$ mM 
the corona T?rr t r d a l  irrsfiiatvdy nr on rerovoX free  a tmirr both* lamina 
lean irovraeh for  several loveko* In these te-hr.-r. due to t ie  greater 
fr ic tio n a l forcer involved* the Xioltdry conliiion  of the tort tar that o f  
tin  cvovoltv of trie tyiam ilir tVof rrolying the bcrirontrl load*
In a l l  the libm-e tea ts  i t  ran noticed that tin  r^ ylim iion  o f  
the liori aortal load srdaeX the Toriicnl lord by c. cnaI2 * *• I 0 „y lr sit# 
llmo the technique of roartKinf; tin  horleontoX load im o iv e i 0 0X00 intam rs
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in ilis iptbvoudc xmjovvra 1m the fid:* in conjur^ticn idtli c. movoro of 
control even i i r  :-vvriiool 3.ond  ^ tmiij* a m riK rr volvo vm  Vivu.iK0d* At 
this rcini tho spo&sr&n covei end tha Iierinoniai loan fa ll off* c m  .^ r.iiloX 
by & ;rv : a t  inn of t in  v o r tic a l ioeu* ax I be cm ociod fron  via 
t r i f i r ia l  arrm pom nf o f iho lo irim *.
1  curious feature o f f e  iro iitig  on tin; leaver f:yonli% il.ii.di 
rt&r, vet murrvoa viih ether j-irncrinl?  ^ mu iUri iwodiutely of tor cli&iiig 
tin uiuicirnon cli^tsyoi tviiilec dr.puvuv nli.cn rupM’ir ui&rppe&red* fklu 
vuv eo.iniCiSrei.- r^rprltrir^ for  rueh v eypnmli-K? roeh* tuilci hod bean 
stored in cj, dry lobcrotoxy f i r  nrm roniho* 11= ic  interesting to opcenlute 
irxon vlmiimr noiniv.ro- in rdml-ey drorn to .%m surface of moeivnmc dicing 
ecrvotrudcm r rd /o r  VDCoreiii*
ilia f i n a l  iea te  i r  ill::: r-r iv o  r:ere p referred  uoinr, the l f! 
d ir e c to r  atcol c lo to n  r-cu  for loo tor,to in f u m i i r  bartn  1 nr,i 2*
Fi0 Sn -1* 4*—& choV'U ta.O round, o f nn attoupt to evaluate ties 
fr ic t io n  boiutum tid e  platan m i Id o m i plrreu. o f a 1 !! d irroter cylinder 
of Imrrrurrcor rrm ito* . Tho cvpurirnni m o cueonriu l u n til the occurrence 
of X&rgs-ecrile m o lllr f  o f t ie  qolirdvr eipor^ and .it m o than id>uudQ.iiod* 
f l tb o u rh  t i n  v o i ' t t c v l  3o r i  m s  lerror tin:n i n  t i n  p ro rio n o  to o tsy  id a  
rsrirm  oirtm in fiourc *% 4—*c cur about 14*030 p«mi« fait, id 
acir?f:i..dcrrtny turner ibm  tea -equivalent value in. Iruim  end ths
prsph m o ii.l l  omnlbly l lm r *
i-.ii ertorrior a? irr  trrdirr; t-ovcrb? ibo pirvru loved of fx-rutinc 
nr: vide ip eprlyixip the 1’’ aicr-cior pinion to r Inpur plrnr nurfaes cf 
tennenxv/r prnbio m olunv? in r l p u r r  4* 4^0* iFire v luxriuu:;.: m in i  
strove of nbori <lfsCff rs.cvi* v/nn achieved Tnfcne ft; Inesne clom that tho 
Oidonit-iov to ;evened by n'Xidin-; fidc^tiao vvi- bain-.: rceu.tool by vlciviri'n
nip.
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of ife tbo. le&f i i ' y  €$asp cf the pleiea*
Tt*lz- factor flrjo cd>sr>leteiy p i^v o r& zu . thn «c© of t ho  1 *  oa%fLer 
pl& ion on «arfi:.cee o f  corem?t;;»
Fipure # f  4-***X0 tKbsivczsKsnU. of V-i. cm Coe l n
dioest-sr pl&icn & rpocitem cf feriop dele iruffiiov'ss* fXibaum t&s
% : m v  liS 'ii,"  if©  nx-ocJj^o fra c tu red  of a  vertic&X l o a f  o f  m m t
Xl^OfO Ibn. (X£yi;X) rhich ;u.p f*ev  ^ ‘hsen ei*iificlr.l,tv doaarod by
t:io face i f  at id r  opcciEOn 0 0 s oaff I 15 ihicl: imf 5f5 in uitooior®
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" X u ste ip  T r i c m  p a r t -  o f  t o e  o o r o r l r e r i e X  m i :  f i o o i m r r  o f
ip?oeirrrE pnir p r o a  c ,  c x i  t h e  a 5 a |/e e  m d  dicnarLrno o f  t o o  f a i l e d  
^oels;ous roro  i l m  i^eoraod#
*< jn ird  t h e  in r - i i e a id o n a  o f  i l ia  p s^ a er /a o  o f  f r i c t & o n , ' i t  
ic , t o  e o r o i d e r  i f o  v e r i c i i a  :' e r r e r c  i n  .M o d  fm x m x c x  i s  , ^
ooafoTco* • . '.
F i j n r e  4 *  4«~4X  1 F ; r f e t i c o  ih cr  iC o o l t f .c d  u t a r e o  o f  f r d l o d  - 
t ^ c i s o n : ^  r d ic d i  fo r m  t h e  i m o l f  o f ' t l i e  C K o so r ^ o sn td  f r i i o t e ^ o w l t > s t  o f  
i ls r e  erfosnrerta vior© paedorrrd upon t&’lltsd&rsjj e m p t  ths concrete 
n o e i i r e n e  r s i l c l ;  core cubical* 1
D i ^ r z c ,  ( n )  o f  t b t a  f i n n r  i r  0  id d c h  do t r a d i t i o n a l l y
a c c e p t e d  0 0  a  l o t t o .,i o f / f n i l c r e  i n  n o s e d e r d d le  t r o c a r o r : :*  f o r  p rx r .o r t. 
oork xrxaiaoo:;: f rc e ir re a  o f tbfr; cppso on oaeaesiacc in  ire  e a r l f  ox2p;id:eent% 
c h o n  t h e  3 t )a ii? d | ^d.o im p a r t  o f  an l>8in?; .00 : r n d r j .c a d lr  e p o l i o d  t o  t h e  o p o r lT .o n #  
f i io  ortp lon  o f  i f r e t u r o  ^  r e r o  th o n  o V * :o m ? i t o  o o  ( f *
f io x p o o i  ( b )  fdcern t h e  n o n  o n  i n  v f d o h  a  c r X it d e r *  o f  o e o  I - r i p c t  i s  
grv-sfcter i l r d i  i t o  d lo e a t e r p  t y p i c a l l y  f r a c t u r e s *  i n  t h e  la r l j d i i  o f  t f t  
r r c e i r r n  do x d X e s i s t h e  c p i c o n ' o f  the e i s l  t s d t i r d le e  ( c h i e f  a z o  c a r e r  i n  
t h r e e  d i r x r d o r r  e l o r e r  cad, fi.raXlp m r-g e #
hero votusn of too ooplo 4 f o r  f if itsn m t ioriorl^aic are pivesi 
tcloo# I t  chccld bo cried  th a t t ie ;  e obroervt'u.-on c&c not olvoyo 
nxcrv-totp :r,ara;;!rdue« c in e o  t h e  r i m  o f  frrcfcure v a r y  v i l l i  t i e  
L:irvrrCiioif; o r  the constituent-p  art-, the a io in i ip r r t io n  o f next o f a  opaciton 
con destroy its: or;* infororrlier* /daoP vsrl-ddccr; in  t in  <dF..ddc;lip» 
Irorfp^r.:- o r ihdctdorpX proportion o f  toe npccdioen am  i;lve of, re to
1 7-3
differences bottom  c „ write c^tc of the cylinder*
dije ifsstsftts&nt vmsd. fox the issssureinert cf those angles had an 
amiiracy of ~ 6 minutes* %?hich vac nucii superior to the ■accuracy of 
observation*
Iimw&n of
f 1 d lr r r  cnplep •<? (degrees)
70 -  75 
■69 -  71..;
, 70 •* 71
7c «* 74 ■;.;■■■:
59.- -  70 .
. <0 - . . 5 7  
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Sketches of various clovsticuc of tic failed concrete cubes
are ohean in figures 4* 4~~X8 and 15* cent acne photographs of those and 
o th er opscirnene ere a lso  inolodocU %
flio d i l  cecities; a.n ®zinhlivhZxt£ accurate .eesEureneato for the 
fracture cnglec of concrete vx~:e impede 1 by the largo m rf silos in ' the" 
nine of the coostsiterisc is  the ehcnoo of .luprcvlnp this situation ms 
' unlikely viih iPuriber iaciy  i t  res decided to accept ids re suite bbtainod 
fror the tax sreclxsnb of concrete ir.vo::t'u;;rtod si; typical values.
Kr&cturec of a type tlr llx r  to that of' ulrpra;; (c) ate d id  to 
occur in opecisons of gl&os* arc roaoiiaer; of omcrsic* . 7:1s typo of 
failure is knovm or ariol cleaveo? or la titud inal snlilhlry. fractures 
of this typo rerc obtv.inca in the failure of r;ory roclro before the
»•f-cci? j ;n r a t  o r ie l  
KountserreX g ran ite  
lln a se  e rro r  g ran ite  
< arocus strdrrtcne 
Barley Bole soM otom 
Concrete csubs (dyy) 
Concrete cube (m i)  
Cerent Cylinder
Ip / o .  4-.4~ — I f
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Sypie^l fr^cturo canoa of wriuua cgrXin&Plcftl a$44&nmi
ras l o f t  to  rights* JfcnaMinawr ...-.mnlte
foment 
xsrloy ifele saodaftone 
Toeehenite 
.auntaorrsX gnanito
(&U 1** diisaeter eseeopt tha «ftnftatonef tniioh ia  2 4 * d ieooter)
adoption of &n £ on _ tab le  rathod of iregn iirig  the cpecisren csvi faces*
C y itr-en  o f foec!isiiite# liountnorxwl end Xexuaseisac-vr g ra r i te s ,  
arm otorr:; um. Haeatoncu hr... been fo m l to  frOCtlU'C; CXioVly in  O.XZttl;, onto 
purfoixrdl before th a t  .tire*
iiubcequantly* such cracking only Gctmrmd# under the neaaal I 1’ 
to r  D im l pXaioncs, in  ! *0 cooprenoict* o f & epeeiiasri o f  fim risiio*  
Ifcrawrsr* a lte ra t io n  to  the pinion conditions ha;; produced a • ssiiaiXsr• e ffec t*  
Cdrerats and rock epochsc-no cc prom t4! betrscm rubber cul^plsteru* o r  between 
doxel o r  pointed n ise i pXoie:ia .avc f t ' 7" in  tot© v?ay#
All the  ap# rupri civ len t ■: produced froc tu rea  corretpeu lhv ; to  
tyro  {&} in  Figure 4* i«*&U >a~ue» of tho angle iP  wore found to  be 
d i l i o r  3&G°,  120° o r  biP oo - i llu s tra te d *  w ithout &ry apparent piofernace 
iu  tb s  occurrence of these valcoo# Xho value o f ike angle £ f o r  
fbirn;enr:rn‘ g ran ite  war repoato;Ily i"4c fo r  f rac tu re  under d*f d im e te r  o r  ■ 
denied p laten ' ,  m i  te c  .b ru t €'/a under £ n d i ©roster platens*
Xt a ss  c L re n n i th a t  in  ccbso of th is  typo of f a i lu r e  anather 
nortec o f f ra c tu re s  t i  „ j p r t n t #  Xteoe are share in  the d irg rm  as 
rad ia tin g  fro n  the pnCg: m g of the. p la ten  a t  an angle o to  the end planes* 
’Slmm f rac tu re s  celiac. extended to  the edge© of tho spscinem#. arui traro 
found to  have e v a rie ty  of weiuos# lb s  r a jo r i tp  -of tlse values o f - tutgle 
q res’© in  the ra\;z  of 40° to  55°* but ©reasiccudAg they were about
A p a r t ic u la r  o r v /io  of' th re  fra c tu re  vac e lo ro lg  omreU-ea. on a 
cy linder of f l i n t  reck* t.f-ch  had boas ecapreocod w ithin tho c lo o tie  l r r . i t ,  
but not fa iled*  Xt wim observed tha t a f te r  co: u>reocion. ustftor the o tae l 
breed p la tens the cad plane© o f the specimen had suffered c irc u la r  cracking* 
of about d/,IifJ director*  coireaporcitrg to  the eouloot. area o f the platens*
Xt vsa possible to  f e e l  ilreohrep  inside  of 'those crocks* c-ni in  on 
e f f o r t  to  trace  th e i r  o r ie n t a  se r ie s  o f * ;ttm o  in  the  length  c f  t r e  
Egoeiren were nade* each o f 3 /I6 n tkiek-res •-• On each reduction tlss 
d ia ra io r  of the crack c ir c le  wm foure to  increase l in e a r ly  waking the  angle 
q  cquol to  4bv• krem  cracks cor red about hsl£~??cy to  the porirahor of
the  cpeeiaem* and no o ther cracking cotected# ilo to g i4cgiic o f t r io  
occurrence are  shown below*
i .
Dicn^tis (e) share tiis easa of a r i a l  e le rv tro  c f a  cy linder
routing  on l i e  side# Without exception ikes© fgjeciniens fe l le d  w ith a
cut t i e d  sp lit* .- 9 u u * ly aareoiated w ith a  lo ca l triangular- area c f
cracking* .doub tless* ; .denting the e ffe c tiv e  area cf loading during f in a l '
deforet&tion*!
hiagran {£*} re fe rs  to  a carles; of Grpmduento parfcnaed w ith .
ring-shaped p3r * *« re outer d im e te r  wan always l fi* bu t where in n e r
d in ra ia r  wan isake to  be £w* f w and |« # i ld c  gave r in g  p la tan s u
healing ik lc ira r re c  wore re  c liv e ly  dp m  g*V
me f i r s t  of three p la ten s gave r ic e  to  a  rack f ra c tu re  s im ila r
to  th a t under & f u l l  end area  loading* except for* a  c e n tra l bees of mck
which n  , forced in to  the e r a l l  hole* : i»o th in n est o f t r e  r in g  p la ten s
p ra ra te i  ea rly  sp e llin g  orouBd i r e  cylinder* which then bocgre cfToet/ively
reduced in  tiires ic r*  Ilorerer* t in  gf1 th ick  rin g  pinions produced an
in te re s tin g  fra c tu re  ireelmnire* of the clinpo omen In i r e  disgreu* i r e
value o f i r e  regie & fro-  the perliaotar of t i e  end planes woo aureouiuately
78°# w hilei the velum  of the equivalent angle frozi ii *V^W* ft > j-* fClT OviggO
*..o
p latens ices nearly  to  t 'ike cpeciran fn ilo u  v;han the onunler reugre ra re
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C&railar crooking on t o  mid piano o f a f l i n t  q rlin d o r
Obo epectitaan loneth  has been arotasod tigr an iiamcswit o f 5/18® o w r  about 
h a lf  i to  o ra ttH e a e tto a l area# t o  aasortt*. of t o  colour cbanea la  due 
to  mineral i&pyritp* but to crzm om be mm to  InerB m  la dieuetar 
vfrmtm t o  stop occurs.
driven into t ie  cplir&er mxi tbs eogas f e l l  amp* ■
I  t^pe (e) fa ilu re  i s  not illu s tr a te !}  e?ni Es&ny npooioem 
t in , tuiacn rsleuso o f energy' previously.eoadcdnea u&thin pari, 
•of t r e t r  voiir 3* tom  cpeciKjoiTs dictnt&£r&tel to  leave only a few 
recognisable p ieces fto n  t o  o rig in s !  cylinder*
Xt in  corArsntienal to  c iv  va ts i t s  ot:n2ngth o f apsoiivono in  
■ te ra s  o f th e ir  ora r w ctrengt:* a t  fa ilu re *  XI© neaouiod load, divided 
by the* nanused erDss^seciioiml ares* la  considered to  bo the utm ss a t  
frac tu re*
Xn esaed-Bing values o f th is  ■ Quantityt oven' fo r  the eo ^& ra tiv e ly  
isciisoxnmoua m M r itl  o f lesrsentesur' granite* vve f l i d  the  eonoapt to  bo 
Illusory* Howsvor, nary o f tits syseiBstm free iu red  v&va iliooe v£dch hod 
beau co:?.pmssed several tiirsaa, ladl hones the void® of th e i r  ©trengtho a t  
fa i lu re  had probably luce. i r f  laoncad by th e i r  e jyerl^ rL eX  history* I t  
v?&« found th a t the Xo?&r fr&cturo otxisnsth& m ro  recorded by those cy linders 
v&ich had p a rtic ip a ted  in  tho vast testing*  ih lo  e f fe c t  isay bo 
fcttriU iieblo to  a  gradual tTenJieniiy o f too in te rn a l col-osic** of the cgaeinonf- 
or' to  tho red u c d  friabionsl r e s i r s in i  on the end 2ilar.es o f the speeinion* 
brought about hy successive polishing upon erpunsion and eontraotion*
.Pter? collated*' th e . vcJdasr. of the crushing a ti’oagthc of the xttochsons 'loaded 
under. i fJ diuust .2" s te e l platunn are found to  bo inconsistent* and neither  
do they r.i.yo t ry  co rre la tio n  t& ih speci&sn height*
the highest loch a t  f a i lu re  (20*7 1} m e  obtsinod f ro s  a  r .  
of 2*77n in  length* aiii previously untested* y* co la  vis o f 2*00st long 
(Xl>*£ 1)* tuii oatd^ long (Xd«2 1% also grcsviouoly untested* 1 ikeniec 
recorded high nirongtlis©
SpecSnsrm o f lengths ra ry u g  dron l*&05* to  t* 0C,} recorded values 
o f fra c tu re  losd of batv^on 15 *u i and 20*0 1* a f te r  being pi’oviously 
f\> pushed*
By reducing tlse p laten urea* i t  \rar found th a t the load a t  iVacturo
docre-enai a t  a ra te  » vas ra a r ly  a l in e a r  ihmc o f the ■ p la ten  iilirs tc r*
yf ' fr&ther than a  function  o f - the (d irec to r)* ! Iliac* ubon Id" s tre sse s  a t  
f a i lu re  ora t „ ju by dividing t* c im n iu re  i.oca.ly tbs? contact a tm  
of the  .p laten  i t  l a  found th a t  the? eg; r r v ' i  s ire s  nee &t f a i lu re  axe of 
tho follow ing order;**
/ y yrn,. d yam at ,ptyees. at  ffiiiu re (p» o*i )
. fcv'*V!v’'V
B j9 uOd 
. 7d*GiO =
ISO,GOO . '
the tuo erpuurfOnic snylcyinc po in t Xosuitsg gate f a i lu re  loads 
o f Oei 1 and 0*9 f # acting, unon an ea tlea ied  areal s o o  o f contact o f 
about 0*02n axarotore
Inrm ffi tooio  to  fa i lu re  wore perf&^rcd using the various 
sut*»platen m ateria ls to  a ilo u  o f a y  confident;. uppn-.i£ial of fraoturc? values* 
but the i td ie s l  Ic-rr arc  th a t the ure of ru b ie r m ft^l& tens might induce the  . 
six i 1 im la s iti  ca proa: .von hy up :tw d ,  o f t h a t .obtained causn u s in g . 
a too l platens* • .
h^ ^ h 3.:,,d|nicgtar 
. i f t .
PA!<r
PP
L  ~  , .s -
hi&pmzjgnjpf. . to su lia  
1, toils: Vi r V* nr 3 s i  ra in  no spiiira isont s
(c) ,-00 porr ; .T, ; r v 'i tn  .
In  general, the use 0? cuX 40040.  ^ f o r  'th is . ty j«  of m
i s  iliciighl to  be inriirrv>;*ri' to ,  f o r  the v* ricu t scr.corn . Ivon-in Chapter <>4 •
she mo at sltarmlSva  types 0 ? laaehsnical , c*g.# ndth roller contacts *
Y-hultl rllovX&to neco o f .the pitibXenc of using 10©% !>ui  ^ „ they do
not soon to  pes .esr, the advantages of the 4*0*4* £©u/.e;;, e« e s^ i in  the .case ■
of CCOTSOY^ i ' '
I t  eon ho scon fron  figures 4* 1—.3 end 4 th a t  tho urKwanivei ■ 
ovayeeenc of s tra in  values cm  'to Edsloading, tcU the i&iryuirfrieaX strew.:., 
d is tr ib u tio n  obtained m o t tuenroy e ffe c t thy nochcrJLar* o f ,  cm  t ie  lo a f  ■ 
at* fractures* - I t  cannot bo OYor~o::;;;bynirsu boo; irooortant i t  nos fcttTSd 
to  00 to e s ta b lish  0 co rrec t j^ihw i o i prop1 .re tier,• the only rv r l iy  
ea tis fec to ry  nay of oriaunitig the ctanacxxi of ih:L: p*o* cratio© loosed to  he 
by e lrtd ft nm om em ni under looey although ordinary oh s . ’ f a a: 1 ceaiaurs** 
serrte h&ln to  eX isinste the. la rg e r  d e fic ienc ies  o f samofaeiurc*
the f i r s t  photograph beloy ehcsa the in i t ia t io n  o f a crack-on 
the end plane cf i\ c o iin ie r  on which the  looaiiiy vas ro sm ssd  before 
frac tu re*  i f  ryoiuro to U lu r t r c te  th ;,t ey;r;;eotxi.ee3. loading c f  0, cyacison 
i s  yosollue, end i io t  in  such a csoo the icons of fa i lu re  i s  cround the 
eireurof eronce* -he second ybotorreyh rixT.e the cue plane of another
syoelurm a f te r  fracture*
rip-uren 4* .• X~~D to  D royycct that*  order f u l l  end area  lc- d ing .
2tomaemear gr■srlte sbosdng crooking o f ti»  end. plcurse before 
to ta l fa ilu  e o f tias cylinder
cost n ©U : ■;■ ..
um fra c tu re  or cy linder end pianos ©rising frou  tr ic e d
loading
th ere  i s  a  uniform ity of s tra in *  and of e la s t ic i ty *  ■ over a l l  p a rte -o f the 
height of tea  cyiiiidera so 'fo r investigated* 2!hio uniform ity has tesn  
e stab lished  fo r  the  o f ra t io s -o f  aeocicon height to  dicssalcr of. 
between B*3i> dmd 1*00#
■ fits £ values of ox^cftans m  f a r  te s te d  ehsv/ ind iv idual 
variations* toiieli'can only be a ttr ib u te d  to  chrngr-e of-litbo logy*  4. o 
changer r ig h t  have been an tic ip a ted  in  vies? o f .the f a c t  th a t  supp lier o f 
the rood vese obtained a t  d if fe re n t thnes* rum m ' 'doubt o rig in a te  fm a  ' 
d if fe re n t p a r ts  o f a ierge  quarry* i s  a resu lt*  - i t  -vas thought th a t  i t  
vm  only possib le  to  tm 2o r. the *- m grd tu id  o f  the c tra ino  w ith in  a 
oerioo cf te s ta  upon an irllv itksax  spGCiaen* ■ . .
figure 4* X«*»8 hhava a none l in e a r . iTv.ph'fo r  the r e su lts  then
prin ted  cutogrcpM eally then vhen p lo tted  from observed readings* Xt is  
tlm m fore possible  th a t autographic r e s u l t0 are not only : .ore eonvo. lent*  
but due to H e luradi&cy of the raccaliri.g thag a te  clco iserc accurate* Xt 
slmuM be observed th a t the autograph of ib ltj race:!?,.an in  e rrtiro ly  l in e a r  
m m  load am  ultim ate frac tu ie*  . •- •
la s  grnghe of Slgimi 4* I~ - i0 rac in te re s t!* ^  since they sir c o s t
th a t as the  gauges mpmimi the end planso they am  receiv ing  leas  
X o^iitu llna l a tra in  than th a t  r e n t e d  to  produce the custoiuory 1 value *
Xiiua t&ih only p a rt of the apcctm:: end am as loaded the load i s  being 
im m fe m h l free; the c o a te d  ruca to  flB p s r i r e t e r . a t  a p a s itio n  epprosching 
the iriarheight* iro  height o f th is  spcclvon vras not o teT lc io n i. fo r  th in  
to  have baon accomplished totriU y with tie: r rw llo d  length  of7 gauge 
employed* hut th in  angle of load d istribu tion . Id goitBim g ran to r than would 
have beer* anticipated* ■
the gradients of the lin s a  of Figjurc 4* vomxtmntin g  the
transition four: Xs to  .\n Ch • .oior lo s in g *  Illu stra te  that there la  l i t t l e  
cliasirc o f  EarteteB tetrn Use rcr c X to  the ccuivalont £ vsluoo* It  
nay ibmmtv *e ae;tn«d that the cmrrfcrnl height of the cylinder5a 
S*2{*' iongth r. :rmlmed unaffected ly  itm rote o f application o f ibo loan* 
fn l ite  tfcs previous tent* vrs imve novr established c  com o f ccrpmsuion 
with-a conventional H .value* on pitelietec; by the ft* Vctimfh pteueiplo* - 
Figures 4* X—XS end- I t  for a 2*42t! o  mci;,;n c f  ~e;:w:.onrmcr •' 
fpvnito* and Figures 4* 1 —14- for 2*00,t long f l in t  fe;onstr&te that fo r  
opeeismm of mducea loo th te ih  ©  ^ .or e rc r of Xcr aitig* ite m  trrnins
a central e t  r®imX section c f  1** length un^ffcctou .by the Xoteiny se t  hoi* •
the too omeisBRs conpra.seed bet-, sen .o ln t  loais- (fig u re  4# 1—IS) 
clco a if fc n t  that, teg/ c en tra l unXforc&y c tr rL re l pociisB doe© enint* 
although in  tions experiment© thorn in  no d ire c tly  comparable f  vvXuq 
from; the m au l to of o th er lo afin g  eoteiiiono*
l lo  result©  of tho expo riposte  crmloying s t r a in  gauges o f 0-*S 
length  f a  co the S*SSW long cylinder* (Figure 4* 1—10)t  im tc a to  th a t  
the etgcfftce el d is tr ib u tio n  remain© co /s te n t a t  dietetic©;.; ^ v m te r then 
0*S2,! fxors the  p laten  interface* . i t e  ion  value -of o tra in  nasroat the 
p la ten  ray bo caused by ©it
( i )  A lee r of can ta c t  a t  ih s  mpp o f the in terface*  air
(11) A lyBiestricel lo ca l euivc.turc of the cy linder earners 
under completely i& ssl contact w ith the platen© 
tU;e fanner oaplc!r;tion in to  bo preferred  because o f trie l in e a r i ty  
o f tho line* with the nreXl i n i t i a l  strait* recorded perhaps rep resen ting  
the tei/teiai©  oxpnic&on of the specimen trhich produced th in  effect*
Figure 4* 1—17 cppasrs to confirm ihir* impreo/ion* ulnea tho 
typo of v / r la t i / i s  teotm here would exclude i t e  occurrence of o y ^ e i r ic u l
ciaBaturo* even cdleteng for atecrgp variation in  \h ’ ndnmau. content -of 
tte  speciissr.* Cm of i t e  three gcragoo e te ite iu  a partia l cug>Iieation o f  
strain* w hilst the other u,r 0*u£ps m : . a rlight tarte-ne* ■ fiisre ore 
gruDtely brought about, by rotation of ten e g oj c f  the enCI glares teiore 
thoy os*e fra© t e  the platen*
i figu re  oXac? revenue Xcugpr v» ions of eta&si f o r   ^ Ih* 4 
un the O' increases* d l>  jmiga io  OVaC* bolor t t e  in terface*  rod 
i t s  strain  valves- support evidence r a tio n e d  in  Crmptor 2 rogurdim the 
presence of a  double . in  the s t r a in  valnso of a eorpreonoi cylinder*
Hotsover* tte  jrcoulto migftte that f o r  a sa:ti£f£.cforily rcmnfactnred 
mmXmn t XongrAvdinrl rrvf, e ” i to cere tebntc x iy  constant* 
ereagt for  weary sriall areas of :vy*:foct aeanufooturo oteund the cede* Xt 
vrtxc dlrXtppo5,ntlng that i t  t/ar c t  i or* fblo to produce a  nnccinao wteee 
bohtndour tran perfect ever it.* \ *. hr Xcyrih* l i  dr uuggo.hua that in  
oonprcBuing a cube of concrete* eon (a fairg; / inch larger varic tionn in  
minor of. content* and subject to uhrinhagc effect©* the platen contact oat 
w,:r edges imiast be even lea:? •Bcitirfactorr/.
Ida redaction in  lording area airnui, in  Figures 4# 1~~XS to 20 
for thin amcjr.-on produce c o ln lla r  straining amnnggneiit lto i t e i  
deEcribed above* with each decrease affectin g  a larger px^ertioB  o f too 
surface gauges* Sfcece gra; C:a are te le  to afford a c ls ir er  igamanion of • 
the nanrar’ in  which the lorn! t it  "x from Its  partia l area gluten to t  ,c 
ngccirica p -ripheiy in oehicved* the unulctteeblo prononee of negative" 
strain© at the apooinen ends under 1 hh.. c* ed itio n  o f Xo rating a g  he an 
iagDrtart fee.tint? in  the eventual fracture process*
di;o corresponding cot c f efperteonin upon a cyl.urder of' 1*4?” 
length cenfdmsd the obo-.c result© for  o cru ller height to diameter ratio*
I f f ,
r,a smcmn in  figure a 4* i —21 to M*
■■/xt la tte  g i to  -calculate* tew:;::; theses ms ulte# the coylo at which 
the Xos& i s  h::miteem;d aurora' the specimen y ie ld s a value c f  between 50° 
ate €0° to the one oXb'D* '
' ■ • ' fbe e ffecto  of- vcteean; eif?mXa.ien'i on the m  reertem  of those
(/ :vl n . , produce! iiitereslteig atveitlvc* , . Figure 4# t e te l  chmo that
■ the-toH  gauges* vfioh  beiuevsd e r r a t ic a l ly  under l i e  s te a l  loeelric* pioluess 
reteulric of* cfua l chntentoney to 'the other yemgoa when covpreccod botcoan - 
S rdy- * In Figum 4* - X—23- the tog gauge stosin s am again m m  .
Hi;si;r though rot d l  ooost-in-value# ■,-■ ' ,
. ■ fm  e le c tr ic a l metc-mts-of tho. eirofno of the' three gauge©'a t  the
tea/ashl mltehsiglit positions.- (Figure 4®. abm the s o t  f o m l ia r '
coruorrirem betroor* Xir/e-trlty at c&£~bclghtj itel irroguXerity c i  the top. 
fbo la tter  afloat om  1-eon. el-mmly nltevicteFl by the pro-aenc-e of the 
plyreoii-, but xtothzv  thin cr:ar:ge in © till e ffec tiv e  it; tev.cturp ixemirB.,tei '; 
doubt* f t  con bo c * * eef that the e ffe c t  of the ruh*yfatona appears to 
docrerso with icem ans in  stress* flia ilsr ly  the e ffe c t  vltbrui' tho 
rub^piatono i s  that the rots o f strain  tram.ace/ with iueiv** ao of clroro.
A fa ilu re etra r o f about 48*000 p .s .i* *  at ohv; lr-X eXmater ■- * vvAd 
r a quirt He too Hnse to curve ? cidbfj, ' than c iy /o sicd  IT k. w crs 
to m at at fcF and time jpgc he cue*gu& issm valueless*
Fence there la  cane evidence to aiamort the nee c f  plywood ac an 
irtenm iiatv  platen nnioriaX d-jriry the c.o.rprore:ion tori* f i t  t e n  i t s
prc?eorr;o com not pumrenf.ee tho; temrrect” crsteing strength* i t  rupacir that] 
ainco i t  produces ivnoto uniform strain Fiat rib. l io n  in the end pieces* 
i t  could also produce mre co 4 values of itetenro strength*
the m oult f? obtaiusa frcm the cm ote/m tu udI iiu rubber oub^plEiterse
(Figures 4* to  21) t ' o r  th a t m a r t  tsxm  ©crgos to* 1 cral £, iko
litm ioo increase iv f 'o r te y  under ieem r r \ r 3 -ntrasn* him two feitarr.-iivo
i b i e k m m e r  o f  r u b b e r  v x o l  m o m o  t o  fh o n  l i t t l e  clfforenca* f u l  1V> 
p r e / o n e s  o f  t o  n f t e o r  ! x s  g i v e n  r i m  t o  o n  m r a r n l l  e f f e c t  m r i t m a y  n i i g l l o r  
t o  'x m in t  a  n t e e l  p l a t e n  o f  V o t /m m  :’•*’ ©ok I f  i n  u l ;  r o s ie r #
tlio looking cycles o f tho m oclm o heteson a rm  X o f 1** *. «K* 
i l l u s t r a te  -tho abco lris l in e a r i ty  o f the  .£oum© .otmrBF*4Bigit* om parea 
oath tho unpmllotteXo bel^viour o f tl«  top cm /or* . i f  . f r a c t a l  o f . 
cygclrenn io  f r i t i t  t e l  ni the end, pianos, then the use oikfteV X f* would-.not 
■aoem to  irp rcae  the <•;>: ''latency c f  aooeaning if© u n iax ia l strength* IkoaSXy* 
the 1 fk£hh« arnmr© to  boharo in  a  r r r fXcr  rr r r . b  to  ntebon when m od a© 
an i r t m  eXHlr nXntsn E o to rin i. . . . .
Idlte iin ..1 (b) f teteorg  .ate  p . p..c pi' rock typos
’ IXiiureB 4* era tei tear tlis co pateLem botwnon concrete*
largely crtetentenr rorteeXee of 13 ir t  of d ifferent cisco* and i t /  parent 
rteraral* I t  in eonoidor'tel that the itelteiciurl piece© of nmte. arte largo 
firgmgnt": noted  be l i t t l e  d ifferent in . p ly  / l e a l  properties tenet i  of th e  
f l i r t  men* tenco Ike goolop’te l  • history of tho roiot-ltee imtei liam? teen  
m m  teteXrr*
Xlie eoaienaioe o f irate value by the rooh cf* about three tin es fee
y
concrete Iteiuidmiae trie very lorno p r io r i, diftetencer totreen tin: 
natural crte a r t i f ic ia l  lateorlele* chore dSteitemitee incy be tnteii to include 
3 cob of. In tel contact hetceeri perticteee c f  f l in t  in  the concrete
anil the niererro of a rote ratter® Xt can often bo obroivte. iv; erne irons 
o f out car each,a that the agr.rrrcto cor tret ir  of tan at pc-lnlr 03:' lin e  a* 
rather- tarn ere re«
- Figaro 4 . X»*tete cgteu ten rr  0 f e r t n e ,  previously errnrter'^ '' 
tilth tin  point louring tootr* of an cmerrnt aero error* In the p. ,.tt 
cere te,.crated teeo be tettelniteble to gomteble cmrniime of 'tbs line# i f  
the ferror ir  ncconted* i t  in  porslfeicr that i t  ie  mateiotel be contdciiiDue 
rcmtelutemnt to the lateing of the cemte^admgfteo cur.
Item nurieur m e the fe e t  that thin cylir4or £* Jit «n
epammi rtrnro of dgite; teen tho mdtemfig s ir  cutes o f the com
concrete tee., f »t e d  e i an average eirorr; c f ah cut f^ Chh'5 n.ste* erne four 
vcar/r oeteir.r®
Cfoerir* tether tho usthod of teating the cceteretc with cat sites* 
or the re trite,'of m cgm teion o f t e n  cylinders ted a guctec-uite teiteot upon 
tiie Jdiilure,® In the fearer ores the difitem em  could fa ceurtel. Ip the
obvious change'in ike frte t l  vro-mrlmB of the end planer?* aid In tho 
l a t t e r  by the dlaturfe&nc88 caused. by the coring* cuitire o r  grinding! 
although there rare iteteriblo to detects ' Bcnvver> i t  ceovr that i t  is  
mrm to cautious in co ..paring the results of corgression testa
peternvte noon rrDateenr t^eparea in eitemotive ^nys*
figure 4*- X~**2B illu s tr a te s  the behaviour of c r: teste i.: torial 
s te lla r  in  content - to  .a concretes dte ;.: votes i s  cxtrpr.rsbio* mm tee' 
stress at failure could possibly he ate level by r dob sites g;te oenetete#
Ike clootie Xinoeriiy end strength of ibis reek c:\ gsted n it s. aieic nay 
bs due to i ts  aupericr eoi'pacteior and to tlis osis. ter of largf teteteiptete* 
Figurerl#te*»d}6 ty p if ie s  a. v a rie ty  c f  e.vnteitee r  oco > n d ite  as m o easonicd 
vith elcy nirtevlc® fprrt froo a carter;: teS: cvi ur f.% lor sire: r9 this 
sir /rente an order of S value ate strength. to te oFtainad frcr a concrete 
«x>atcinins finely tli.coer.ir;atte cloy perticlao#
figu res 1-teb  t e f  FF give u co iv te itea  of I t e  en tre re  values to  
be crpccted i» . v dor, o f coaitetebvdrm b, ,u tm  roe.~:»# ' teon tsorra l 
ion. Gdioteiu i s  gl yste r ily  ftrmgy ate pcfcrtfte^ u ^ ily  is  highly ciiicoono®
*ho B voter cteteteei for  i t  i s  in  tee : f t e  :t zan;'r for  r«n~kxjtaXiie 
nBrnais and ar.rat or: nedy ca? 1 to tte » of ga  i * * *ec-'r/teLo i s  a basic
igneous rock* c rdterteg red d y  itero™. rotate** tetter&ls* ; Xts ctef/icioncy 
in  s i l ic a  and i t s  reel: sternal structure gives temo' te  cm c la s t ic  cohsvioar 
rot very d ifferent fras that associated n iik  concrete*
Figures 4« X***~Ff txvi 40 conclude the i llu u tra irc n o  of B valuer 
of Vendors ro te  ty re s , ted  give t r o  r e s u l ts  f o r  tee  esdrer.o ease;; o f  
r;ette03‘id'dc rocke* tee cymrtedte is  a tec:;a:daBter,ed send Bono fro rs t to  
Bnmlmi v is Ir.nte, of ton tired in crrr.hc.l fora in  c iv i l  tin,;;lvv':orin:> I t  io  
•richly s iliceous * and p o s.te sss  te  1 value aoyogiidste 'to  th is  condition®
Hi© g rea tes t cliff icuK y  in  te s tin g  tin? twhliit, vxich ic  a  
iie!>a0g jo tt; la l  -rock fm x  /iS'iglciioy* van in  ob tain  .a c  a .coryletc. core to  tie©* 
te io  imx mxn doreeiio,: in  ( t e n te r : 4# a te  ox ten tatlou  of th is  reek i s  tb s  
cos:prratem ie te  in  cr te n te r r ir ta l  teoort;..nco# end bora i t s  te r ra n i  layers'
 ^ 50° to  the cy linder c ites#  I t  a B .value la  p /ob te ly  one o f tho
c te a t te lo te  in  c ryata lH ao  j/ocka* . ;= .
Cf re o r fo re r; t  ilal., a t  r e i n . no cnurse ■:e ro
l a i  ' ,r ' i f f r y , f  - V f f . f  f  d £ V i J &  * ’ . •
f ie  nature- o f  too grocer in  ii[oe;en 4* 2-»*4L to 4 tm  Isiegoly 
oslf^evi-aorjip uhc in i t ia l  iorto e&ployiag ids rol&iivedy • wido 4# « « 
gtte’ips irdlcmtc e a-lr<:u^%rentlssl strain  of too eeu.;ieen top o f  tm  or  
three tieer  ilia yf.hu? of tho platse#
7xi too light of. other ■eepielrrnio  ^ i t  do foXt prcf rifle that thin 
offooI ve,e rrrtiiuiv ©hgui!;od by secojiUrg too lov -\\- valuec for the strain 
of too etael plater** ' the gluten depth probably fid m i alloo foe  fu ll 
transfer of i ts  load frcn tho uirsl bold'to in; ajciten eidor bade>io 
d?*fcctirg tide vdioXa trldth of the f 6|v*f* . gcoege o® ■
It if- conr.idorcd that Figure?; 4* 2*»*d ere 4 give o. i^ oro accurate 
i!lleciratd,on of ovonio* l&ro i t  can. on conn idiot tac hoop strain ratio 
varies v;ltli rpplieu lord., out do d: clear fro.,: tie rvO-u'U:, in there diafmace 
tin t i t  in about vCr hlrher for tie  cpoch/scn ter tion for* the eieol, platan* 
itersfor-o there arpenro to i t  no total restriction of erpnnGicn 
irroeed on ion cylinder end planee by the tiled- platcm* ■ him ousoilone 
t.hidi rent triiat be considered
( i )  In the cjeneruiinn in flected  in  .the : i ,io t ic  rr’iirun th a t  gigh l
to  snciieipated irdler ecruileio frurtoe o f oxmucnmd
( i i )  f ie  the rcsuurf: cento curficientlg  clone to the interface to be • 
cocoon.rrutlvn of the retool never of, of tin.* let: iffco';
( i l l )  Are l ie  iveneLi:; eorrhd':; of trdli<c.tirn to ether ncioo ie lc  in  
irilorlcd cenpreeodonh
i i  nanm inconceivable that too iroror to ( i )  in in  tie; 
so Tire::: t ire  <j vfer tie* c tool i t  manncdim a t c. erellor rate then the
rgecteru Xkmavor# in  the gfosehee of positive evidence, i t  hm  to  be 
em itted  that i f  is bbto$ mil m y occur in the following mrnar® M  
©oof irrr: -mt of load tbo sgor * c «; avcroom the m rirtsnoe of  
static*:! j'ricticJG ooi'eiq on, urnor tm  rpmr it io r  of dynacdeal fr ic t io n  
for  the vary m a ll ndramnt ropoirosU Bf finally*  'the in ies’facc i s  no 
ler ;or  role to fidjievs th is  ths incensed  rtsxsnuss erioiiir freu tbs 
fr. e llcn  could in it ia te  fnurture • . .
tXa <»i«?«er to question ( i i )  in that fla y  ims M t that in  
the abncuca of a, known gsthod of it^rovment we must roka the apirogriato 
deductions bnoou upon their infojiaation*
lh a . facies r th a t'e ffect the answer to oua&tltm ( i l l )  aro the 
Igadosl, ©hrr-pm in  tha lu-opsrfiao • of the ro ta r ilfo  under t e s t ,  and 
particularly thui of i ‘ x fr ic tio n a l yenistencfc of the re to r ia i agrlnot 
i t s  plater;:* In the' case o f rqnereie the r ig id ity  of the r^ i-r io t is. 
le a ;  that rod::, end nay, under coupleto froodorn of sover&nt* l-o tan-mad to  
©gasiix rcero ikm  the XojrqnarK&tsx* g2.tan5.to fo r  an equivalent load*
, fox'Vor, the co effic ien t o f fr ic tio n  between coot concrete emd 
s te e l sag he appreciably kirker than for  cat rock to steel*  In order to
prorent redos far; ©sponsion eom loiolgy i t  i s  thought' that w 1 of
o to tica l fm otion  (ft) must erproscli 9 and tlxls ie  rot- " ^  mhisr the
comiticns; of " in  imifiirial co pro:r ion* ’
3M vs..:. ioecrihod in  thr,» tor <* iurfc 4 *  how .values for  too crpl© 
I* tore obt: inch fo r  the vdrieuo riatoriclu., and a discussion of the;::© 
resu lts r i l l  bo rooervoh u n til la ter  in tide pro;: or.t charter*
hhe series; of esnseriranto ybone moult;-: pm ehcvrn is; figures 
4* 2~~5 to  fi iiluntroto I w  the concept of platen m siro in t cm  be 
erroneously created Ip reducing the enio..ct area of tm  loading*
ib'v*’-*'; 4r
In the r t   ^ to ' d£u&ssz .ths criterion of failure, i t  f© 
interne ting to rota Ibrt fracture of this imociron (figure 4* E~~8) 
oeainsd at a value of strain con^&arsfely. loaer then tbet .rocerScl in ■ 
cr^ i  v teeie in the eon© eeriom . . . .
Figure 4* £—9 shmse result© vinich. ssor. to car tree le t the 
pmvione ipoiplu Sb equivalent etreeo et f  ©Irum i t  -of the ainacitl order, 
at the Some were otiAnatod to deform t o  Shout f/lff’ alEBetor at fracture,
a .I the ©train of loo ©Boolean tog m o & s  to m  in av * . m m v o r p .
V o  hoop ©train of the rim!; g;go So ©vtei;^*r Xly lent then ©rpeotsS, 
and mr bo observed to mango it© rate of strain at about 5,000 p*s*i* 
rtem i t  coula he ogaeeteri to tn c m v -im *
I t  I t aiag-petet th.r..t althm of. Im gaxigs-a became actseh&l, 
tan,eh. is; ta na l i t  rod unlikely, or See to the length of the cylinder anl 
partieulr.rly the tv  turn of the glr.toa::g the loce.it;g beerno eceerdrlc* 
la tie? la tter cone tandlo strra.ro: etulf be dovoXmei ©roanr. tie; periphery 
at r.Iu«kcigut*
FIgoro 4* JV~X0 egAitt ©ugggDit that a beneficial effect right 
rem it fAte;., the guoo of the plgrrooi m in a; Hieing the strains
nr I  |Boa.nelng g. r ore symmetrical v H M c expennion*
Hie nee of a silicone groaoa in Figaro 4« 2<*~XX dam rat appear 
to have a tmloritl effect; on tie; to At results# _ the strain v a t m n  of doth, 
positionx have increased slightly, o.n/1 the graphs or: nora- linear, isjloh 
rdrlS; reflect an Alteration to the coefficient ci friction* i’avBmer, I t  
hoe boon observed that the uoe of grorno i n  fin ©jVne-Ierl ©eating of 
testing BochinoA do of not r.uhntrni* ally af/Iel ite f r  x c i i n v V  urcmrtles 
unior high otre.noor*
It In ihoigiir unlikely Int.I mgr henofli accrue Iron the
ar^ Xioa&loH of jrerro to the ;V • is e Arson cf iiio s^ oejoaeft during cosprecolon* 
She one cO rubier IH'nr in Figurea A* 1WL2 sM .15 
nicely csschar$®s the position or birfisr oirsio*, ana Aaxoxnrns tlxs diiie erco 
bains x n the too tmJ.uos* Shir* differorcs is irjargln&ily greater fo r  id'iQ 
IMeisr xtamer# .
.Aha Iioop s tra in  o f the ton p* uic i s  not/ eonsM ojrlrlp c than- 
in  $l£vm  <U 2***«5 f o r  ih s mra&X In; itsv* -h it;; elim inates the  ? Mp t 
‘th a t the or,:a\‘f  t;p out of the  rubber cmoonrages a c&OTopar^iag mvcmwt 
o f the e a t t l r r a r  c f  tfca suactosri* giving to  t& lal cleavage frac tu re#
. In  f m t  the values of the s tra in s  wm&r the ■rubber nufr»pl&tena 
f a l l  in to  the ooiegosp of the cs hblons or^rloricoiprihen Xoriiing-between • 
p is tes^  of Ip  oral §fs In dianoier* I f  in  probable Cnsrafore th a t  m tb  
robbor ruVpl&ieno frac tu re  ooopra bp i r a t ^ o j r i n g  the  le a l to  the cen tre  
o f the end t:1cj>Sc*
ho the hi raster o.f this lor-sAng sgnias at failure cannot be 
psrbetsp  the roeulie of crushing at'Oapiha oMsiros As; th'V' rannor map 
p ic ld  gptJaA iaconaietencioa»
brio rnrf.nhin o f PAjsire 4* £-~K indicates s  airsiXra ciirnVioa fo r  
oercnt pmsder to < ;\f i cs* and did .not conlnlhute to cCnnrAng tbs
frictional p^iarisse of tl$z test*
Firureo 4* £-**15 and 16 confirm that for ci rush lessor spools an 
\mdor rubber sub^pl&tenn the rrnrl/r strain ooeore at the rhd^haifiit^ after 
an i n i t i a l  v a tu r lio n  a t  lo r  s tr e s s*
A canparison of the c irr i - is a t the .various prirp points choon 
in  Figure A* £«***X7 arH 16 airports tfcrt unlor h«,V •>%’!* a rnbstsntial 
reduction occurs-' fit the pic-; tens, \oiieh. then changes In/ im even larger increase 
xit gauge point ho* 4* Ikstecm thin point and the sAu“holfht an o sc illa t io n
o f  v a lu e s -  o c c u r s *  b u t  t h e  o f f s e t  o f  t b s  I'toV toK * a t  B ld ~ h o i& a t  i s
m gl: *
‘; ... liito vertoibor roof t h e  ototomy xextor 1-to «!Vto i s  eunitotmtol.' 
in  Fir.uro 4® to-*10- for  the charter cgeotoon* ftrtotorfLv' totofpr m hiso  
o f  e t  r c to u  e t o e e t d o r  . t o  t h e  p r e v i o u s  t o s t  a r e  - 6 b ! a ir e d  - o n  d o ®  b>* ' t h e  
V cX uen o e o ie d *  . - • ; ■ ■ : • '
I t  i s  c ^ n s i& e r o d . t h a t  t h e  m e  o f  f t o t o t o t o  c u V p l a t e n e  d o e s  l i t t l e ,  
t o  e q u a t e  If,»3 t o i m n  d i e l t o t o t i o x i  i r  t i e  v i t r X  e s r t o e t o u i t o  t h e  p latei>£?& c& r«seh  
i n t e r f c c e  i s i i i i  t h a t  e l c o t o ie r e *  t o e  e f f e c t  o f  i t s  .■ p r o  s o u s e  eoeru* t o  b e  
o t o l t o r  t o  t o o t  o f  rtotoi> i * e *  r e s u l t i n g  in  t i e  I c s d t r g  t o t o o  transferred .-• 
t o  ’Ifis sp o c to s r t -  t r e e u p i  r. o s t o f r r  a r e a  t h a n . t h a t  o f  t h e  p l a t e n  t o e r t e t o r v
f t  i s  b .m c to sn l;  t o  c o n s i d e r  t h e  i n t o i e t o i o r r  o f  F i n i r c r  4 *  f > ~ 1 7  
e n d  t o  v / l i h  :o:qx:ri t o  t h e  a t  r e i n  £:*. s t r i  b e t  tor- f o r  c y l i n d e r s  l o o t e d  
c e r a ^ r .t io r se l' iF #
f t  has. bear d b isn o f  in  Charter 4 l o r  i fe  i r l s t ! v a  values o f ' 
goaims to# X end f . v,-ry\ Tilth on ogpment. sens of equality betresn a stress  
o f about XOjOwO to  XtjtoOO- r#ri«i* Btooer fb io  value the © train .irenxumod.
Koto? t tie  .* to. toe to t ator© this value. the reverse
occurred# ton : toilur© toe loreot value of boon strain recorded- mm
that resreot the InisrTaod; n il!: tbs highest a t. coupe point ik>»’¥*
f b o  t o o  v a l u e  o f  s t r a i n  n e a r  t h e  I n t e r f a c e  r s p r o c t o i r r  f a i l u r e  ■ 
c o u ld  b e  a t t r i b u t e !  t o  t o o  f o l l o r l i i y  em isen :**
X* to 's  of corf met a t  the yorlptor;/ of’ too interface mto/or trentonr 
of loss tov;:o:to: the centre of the erf yXcnou 
to (torveiuro of the cylirfter W'XXr; to  eaunc toactoiey* nosr tto  interface*  
toils noeld x^obslily requite a largo re,clitil inequality o f stress on the
rv-'? .f *
■ end planao* islth- & hifh  cidim losstliig ririrn; rise  to mieular rotation  
Cxi too oddrdor ecsrnre 
S« 5hm oX lirih ' o f iho cylinder* pvfloipo m i l  too  oooot o f ir.crr ro, 
rosie trace to roter cent on. thi * plerne
tl.io f i r s t  clt^rncdXVo door sot .scwe .lil;s iv :#d2* intiiaX  looe of’*• - e.
contact i s  closer!j sol p l i a n t ,  although a ifradiictX loos on expansion i s
tnisslMe# Bohovar* too chcere; fros a convex to  a-coeeavo. r.Xope- of the
graphs. boteon the interface sod a oh here:? of Q»Wn occurs fo r  both the
aeaebrrrsj.. end thee 2«d-ur®& tin  rcesihiL l ie  o f ei;cd cm event attrihutohlc;
to  ear idea iyrlap orrere* d coniijmoiso p o s it iv e s  etn dn  o f tier top ££U£>2&
ie  Indicatea* -tvhieb door, ret felloe., tie; uem l pattern of Iona cel c;:s,toet*
tin tXTctrCor of load, icneohs the centre ir  cliffleeft to accept viicn thio
neri of to st  rom ollv resu lts in  fracture o,t ire; cyHJdler oarer, •
the roeood alternative in eloo difficult to accept is; a ;..pTie;o of
gorodlc-.I lor.fiuj'p orpv*eiifd.y r.e i t  lerd" to  the ereciicr. of cospr&ocive’
rdrctrn ie  the eom t.'bore fracture ovortMrlif occur;; in  iij>pnrerti tension#
; ■ lire f i n a l  su b sec tio n  m one th e  tio s i a p p ro p ria te  to  th e  d  fo rm ation
amidoldo*- end ie  rilae the Binndont iateire'eteiion  of the reetiX th#
* • I t  i s  teoedderof the! the h dieatod laeemdlief o ffc e t  \ eftd
irh;rDc.ce the angle befeeen t l r s .end plerse end the- cylinder mallo end ihue
the fr io tib en l rndotonec is HJcely to increase cn the cdreirdesoJiese o f
the end r.C?.: noo ere rotated ceednst the ple.ionr,* dbs h'OrreXXirf itself*  
c. cone ox tencilo  otitdn  
could bo eciiecdl hy pbadddl og free: lief cel ire a;.' con'ere 1: a u iieo tlo r
ehiedi cere, bo irfluoneod by the n tfitu fe of the srodoa:.::. p rdoxdgol otehaa#
the latter atrees is omssldecri to r  el i ' proa the pmunco of the urdftlciA
ex m reu e iv e  s t r e s s  n o iln p  in  c o n ju re t ie r  r i t h  t h e . nhdtjds\<5 o tre s e  produced
l..y the Ihflrdieoal tsudolenco* ilea:; t in  direction. of the m d rrso  prinelrcil
nirons m ill  be in c ilro a  tm a ifc  tho contra of the guscixsciv
firs position. of Vim srom roi o tro iit a t  Gaugx po in t ti©» *? in  each 
eana <e-XIs .fo r re  e ’ '.tien* Xho c rip  Xntoxgrotstioh o-f .th is  phsr^anon  
moiiM ssem to l i e  ir. tec eoresotratlsr? o f Hr; liner- o f snrbxnu pr. noire X 
rfnrser; o rlc io n tlo g  f m s  tho poriplioxp of tho-end plcnte*. I f  tho d irec tio n s  
o f th is  stress; can be m oroeentcu by o co n ic f, slashes rhouo hero It? the  
area of the one planer.:* then too cpor c f th lo  eorm runild rsprm-.ont o 
focus5 of rrueh stress*  Ib is  e f fo r t  n igh t he capable o f  any iifg lng  the agidisl 
erpsrsion  o t iho t croca-ocction* or tho r;eo h n o  axxwoe Its. boim m hisped ' 
d e fo lia tio n  the ro ta tio n  o f th e  com ers mould give r is e  to  on inexoroo In  
tho velum  of the tonsil® £troxn%  m ic b  r ig h t  be "1 ;t s i  th e  ap ices of 
the. to ssd " '’ cones*
1  c a lc u la t io n  o f th e  fttsgle . th a t  t h i s  epos su b ten d s a t  th e  hsno^
Tuion the vortica l height of the cose Is tho ceeioroe bo ire or, tho e:nl pXf.nea 
ami Kauge point !;a* 7r gives velum: s of abort GGU mol 50c reapsotively fo r  
the 2*ffn o.r.1 1*50^ long cpocdttenet I f  tu? too cr.l ooxoe entenXed beyond
d  -  t  the r  l i t  at fpsuge point ho* 7 wight rrr.m xont th e  m  of a. • 
conn those base mss the end plnno further runnr*. In th is  cnee tho v&Xuas 
o! tm  base orgies for  the fro rgoclrons. mould be 7XV and GSU rest.ociivsly#  
Iron on eiondnaXien of the fa ilu re  conns I t  Is  -thought possible  
that tho l a t t e r  volte vrouXd apply ir  tho ease of tho .shorter cpoeinm#
The three loeflsr cyclon on the CKmespte eslboler (risuro 1* 2****2X) 
Illu strate  ■ the bteiategmteion. o f the esoeteen top ct stresses \&ich do not 
i im  a a tel tax e ffec t at pdteholftei* I t  In else? clear that tfcs eiroum  
fereu ttel stress of tbs; stoo l plater. Is ogelr mail le s s  then that o f too 
spooloos Imp*
• • Figure 4« 2**~22 chose thr.t vith  reh“ or etem lstane a d islocation  
reesr -to occur at f « - g m %* * ** 1 # » v _ i' { 1 tej
and the stea l ructoo*. terilrt tbs rtecteoiaht.gpme rens.inn imp.ffootol*-
loo re aster or ?:t of ffteelss to fa ilu re  fo r  tho corioroto and itertar 
cy lirters fluem i s  f  l i f t e r  4# ctefirre tte  sosevxs of tots;.'/ platan
re&irrdnt 'for cgeeittens s i t /  cut er l fc.ess? tort .ill so let. le s t  os; the presence 
of i r i t l i  1 ton sile  ntrcim  close to tbs conorote-jjlston- ietoefaca* thin  
la tter  e ffe c t  ::ruci Iso a eesrssnteeee of t ic  te'spuor oorofiD' xersrteiy of the 
srrterisl, bat the ou/fco lose 1 s te tie  stools of the- serlur cylinder Just 
Itesoe ftefurt? ia.dloatsa the f r  cm of errsteDios possible ur/ier & -otoel 
platen,
o further oopashr soI to erasure the e ffec t o f the platen  
rteletrteoe fo;r porter ( llsere  4 , /tebfl) a is le  confirm tho lorps -hsot? s tr a in •. 
of the oyooireri top carpercbt t i l l  tho platen*
Tpcbsclrg tbs arlifletel isatsrlel to f a  ole.chert nt&te* that of 
hcrhbooe cerect perta.* flsaro 4, 8—2$ further SJAtrlrs.icr: the free tor of
oxpi^.ticn at the birtetencte in in /:telh ,r1 sttednr rbich vugs out vtdch mo 
eceiteutevufp rrsr.icr that thoeo c f the platoer* bho 15.se arifr/ o f those 
values (Fir-ure 4 , te^hf) to high r tree tor. Is noteworthy*
b\oi!rc*p 4* 8—£7 ash 511 illu :vtrr.ter fc r  rrreirase of concrete* an
e ffec t demT-fdraieh in tho te s ts  upon grrcrdto* Iron the tumulta;. of them  
too different tyredim s o f identreel length t i  can ha coon that the position  
of y r x tP ' item strain i t  tr; m fe -; a 1 tec  t o top to tie. te.m im £hi m en  
t lx  platan dierteter ■ Is rtetectea to meathlrig haterm i j j s r i  ote
3ho f i r s t .o f  these tm  cylludern ran lonied to fa ilu re  tinier c ta e l 
platens ■ (rigiircf 4* £—2S}* art! the meoncl under ruhhr-r atexplatena (hlgurs 
4* 8—SO)* bite tepXIcetione of ea r lier  rote: on concrete gmeietem at 
icrrr sirofteofy that tho creator strain cmcum ot .the tea gar re 1x 0 not 
confirmed at C: u i r s  for* loteslfie Vteteen c ir r i T>lte,ercs .ttelteoach i t  ioec  
am; mz'&er to ha tlx  csss fo r  the yitebar raabgplatsnoi.
fteacierc un&*sr stea l telatenn eoelc? therefore 'fees faranrehlf 
or pared e lth  the bcrrellite t e t iteeye im  i d  I r e  ;te: hrncecere around 
the ratecec of the oral canon9 aa described ea r lier  for tho root cpecd'tenc* 
I'ra.cturo uiteor rubber la  lik e ly  to be due to tho partial atm.. locoing e f fe c t* 
giving rice  to a trosrcverv.e to m ile  ctra.lv-. dlterlhteiou riuiXrr to the 
iterof te of the iteldroet tonnile tart* the chaor'te of the emmX mufteoo 
friction* hue to the jro; once of tier rubber* s licea  fee crooks, to groaopate 
eithout the fororition of ena cores*
fko a irr ificen t features o f Figures 4® 2~- he to i*».
1* . kite enormous strains - -of. tid  gouge0 fired  m in ly  on matrix n&toritei 
2* Jihot these n irelm  ore in itia lly ' negative (cv  pros Ira} r:ove;aemtc 
S# Ihnt-Tort of tbs c irc le  of gauge ho*- X tec p-?;. mr/ami, Xt xvturic • 
to rero stress through comrrsxivo rovoeorf. •
4* •hrrte ho* C river: rtrrinr. Thick cm to ta lly  c;o .prensivo
l*te citueticte o f tam er Kc^  2. am ho* 4 a.crose steeix-crccko lo  
af except -that gteUpen Bo* B aid. ho* I also opco hctv-o-r-n the rn tr lr  
crfi the reek c';yraga..to vithort a eirdlcr effect*
iJxA*
Xt in  thought th a t the loo X value of the c s rsn t aIIons i t  to  
cksfors saorfc e a s ily  then the m e t  p a rtic le s#  Xrriiially tho .matrix i s  
bqueo&a&'fcy the erpmtsion o f the  aggregate* and th e re a f te r  am uses i t s  oun 
ten rito , deformation* 'Ths l&rgo c tra in  o f gauge Vo* 4 appears tc .b s  re« 
te*om otetsd  on ru le , :n of load* but iltkaigd- ilie e i r t io  o f  gauge Ko* 1 is? ■ 
o f a s l e i l t r  suynltudo th is  has fo ile d  to  -recover i t s  e r ig iiia l a r  g sent* ■ 
I t  i s  aucgestod th a t 1 i reaee .in recovery toteoen giaipes Has* I  ana 4
rcrsy he atiriV aixblte  to  - vCvlon of f r ic t io n a l  fo rces on the  platen** 
cpeeisen in terface*
the alcpm  o f t lx  m  **a'£or gouges' lee* 2* 5* 7* 6 and 9 ere 
roD&kt&Sy com te ie n t ,  cam are almost M onties! to  tho c&cpe o f the graph 
to r  the e idm cte lrt gauges o f a  ? m  apeoiiacm of Ion cs a r  rock 
(e*g« figu re  4# 2—16}#
Gauges bos* 2 find 6 i l l u a t e i c  c hohavisur video is? not cop-able o f 
ar. tensDbiato erolanalisn#
The individual fcofcsviuur of tho ino materxelo in  the concrete nan 
' ( a l t ,  „* i t  is cc norieagoa tha t a  continuous:) &sv&ixi** i s  u sua lly  a t t e s t e d )  
miot i  ** Xy em .tr hale  tosrarao fa ilu re *  ' f ig u re  4* g—SS dosonotrades th a t 
v le  g 'ip a s  os* 2 call 5 102 s t i l l  behaving, o la c tio a lly  the  lao teria i to  
eh g, u. c ;o* 1 i s  attached has* for* a i l  p r rx tic e l purposes, a t  x t  g; 
tlis ie  ty rc im #
liie o v e ra ll e f fe c t  of th is  e ^ r t e n t  m ggesta lu s t  tire concrete 
am y from the end plane a behaves m  a kosogeneese m aterial* v h i ls t  tho 
beheviQ-ur close to  tho in te rface  i s  governed e n tire ly  by t ho co n stitu en t 
p a r t ic le s  a c t in g .itilqrXitecntly*
lb}:- th is  reaecm* the m soval of the end planes of the specimen from 
d ire c t  contact t&th the s te e l  platens* by the  rise of' nub-plaier.o o f plywood
or of a mimr£:l capping ts&teri&l* s:IrM prow  to bo bonoficloX in  tho 
c m o  of concrete epoaiimm*
flio r o m id  il&ur trc lo a  in  4* $m*Z to  5 « a;, ja o t  th a t  on
tli© exp lica tion  of & Xood? c fpfO aen ©.' b r i t t l e  n d o d u l  <$:g/ji donees 
te ro i ie  oixv d :  u :om  n m lrm  v toe- in  a t  r ig h t angles to  tho d irec tio n  of 
t i e  applied 1 o;:, « t o  t r  g d tu lo  of ta in  caidtmua i o r d l r  o t r d n  or* o f a 
odiiifir ©r&cr to t i  i o5 lit© • -* d:.to: ca^romivo strain# I t  does m %  appear ■ 
to  smXfitei fey oamoj of the f t /  „ 1 r a t io  f o r  i d  rudsd& U
fha r iim ro io  feature of ih ;:o  re m its  l ie s  in  tM  nine of I ts  
S*f«3# gmftn e;:y loped can I t  1 ms to  be rem  *. ce& tha t ’tho values neaerrea 
ora fix© aversffm over n large port of tm  cn «.*©£$• I t  la
proposal to cmrept th e ir  a d its  tlm : on tho b e d s  of i d s  vmrk# sa; of other 
th eo re tic a l and em m iem m d vorfc an seriba i in  flm ptor 2*
d a  lo r lso n ta l te n s ile  d r a i n  varia tion*  along the v e r t ic a l  c la r e te r  
of the tee cpeciroro Is «&»> t* is  T&vxixxsn 4» &»~j t*\I 7 far  lom lngc close, 
to  fracture*  I t  i l lu s t r a te s  a p i^ r^onon  which vas dnum dldc  to  ■ 
cteaoootrsto In  the  ©&rl£or p a rt  of th in  t?orlv# r i f e ly  tSi&i d m d l& ie iy  under 
v oz&etitr&iel l e d  t m in m v o rv c  i m d l e  t u ;  l  h  c 1;tiM tc n d l ;  h igher 
elomhryo* , '. r  u: ah?;,*# i r n u a r  the centre o f 1 ;: -rmthnm tm  d m m  
d i s t in c t io n  i s  la  acu crd m o  id th  the i t*  Vcaml f r i tc ip lo  th a t ( ’aj* f r o s • 
i d  lo  it1; po in t the ctas&no urs ixxicpeodont of h e  m i l d  o f  Is; hng*
Figure 4# &*~S e o d lttm  th a t the p o sitio n  of Eiidinio te n s ile  
stixnU;; i s  a lso  vhero the crach i s  i n i t i a t e d  olilmufli the clrcuTtitoncen 
vhoreiy only h a lf  of the sfaeluan i s  frnctn rod  ore in  doubt* I t  !•:• ro t  
p eed b le  to deduce frora tbits dineron tuo topnl".uio of the torm llo s t r a in  
a t  f im e f ia d  d r e e  the to ta l  value vme In  excess of lira aotourlnp  ;Uieiru7atit*  
a? 3d also,* dnca-id  apecltmi tmn erachcd but not d r ily  rpi.il into do
*4- ‘•it*'- «;«* i * N j i * *«*+£•» ■»* « •» ■%»*■»» )i«=*.rikV»» j* * Vfntf-. * * t* t liwt.? V1 V4*- a.’C* i  tb '1 ‘'•'*;'-Ji‘"»ti
1 f'-.
i i y , r<~l nxtmerfnr]j^ a suronentc
(a) t c n d l  f r h i i m
h!i© relevant- values o f ilxlo p re i^ r ty  'fo r the •various rodnrlalu  
&nve. t i n  Un* are thought- to  m  not lose  than those ird ic a ic a  cm t d  graphs*
I t  in  po/oilXe th a t  tl:m values o f the oirye fj v a i l  I n a r a m  w ith Ih o c a m t of 
frac tu re*  and th a t ’ they m y  ho effected ly the cJLflhuent n sm a r o f ©can ran.© 
of f r ic t io n  during r* ff ,r l © m nclon  r a d a r  then transla tion*
llomvoty i f  the odor- o f these reau l'.s  i s  to  he ©ccopteS. th e rm  
cy lh 'uo r of Xerox on " a gn >tl: em p -c tru i hotreeri s te e l  platariO r i l l  
ejcnrlene© ca y : \ I v e  : tree  o: tfilch am  r o t  v e r t ic a l  t u t  ore ineliim d 
i rm&T3.n a t  t*«v angle of cJbcnl 19° t o th e  vertiocd* •:
rinllar'Ajy of concrete r i l l  fee’subjected to otranrc:;
inclineJ at try d4c -ic I v d  the vertical*
In  e n a s m r o i s i  of tho o r le n ta tim  o f  t -r a - i le  atrolon thought
to  e r i c t  under co.m a  Ivo lou.hr uy tho presence* d irec tio n  and rrgpdr;u::e
mf t im e  f r ic t io n a l ' fo rces maxi form an in te g ra l p a r t  o f the cdxJy*
(h) I;rrctuvo rh-JIoe. . ■ - •
Xt in  eonaldamd that, no b r i t t l e  opoolnen v /ill  f a i l  In  u n la d e !  
.cnmmnulon In  the Jo n ' o f Figaro 4* 4~**1X'{&)* unices eo:.;e degree of 
tmaiing. o r d iscon tinu ity  I s  Itwolvad* Its m fyneo tricn l system of her dug • 
mt a h o ran rs 'o ;: ©poctor? the c r i t i c a l  crordilhxm;: of o tre n y  s t r a in  o r  
energy a n d  occur in  a ty. r e t r i e s !  continuation red !any*  hlthouga th is  
type of frac tu re  ir. cvoronly m yainof nr; a {iieeriui.; fa ilu re*  the frac tu itb i 
sucfftces on.a. b r i t t l e  rr-to rlo l do not rhem evidence of sheering :mva;.mnlc 
J:layrcn (b) of figum  4* tyxnfioc the shape, uf fra c tu re  o f
th.j r J ty  of , w m i™ ., d i  u  . X m l  platens* him angle 4 a t
tim feme of the  fra c tu ra  cons has v; ho? v 'leh  do rot correspond vrith those
required  fo r  the oil " c iia  of tm x lm m  ehsnr* .th is  la tter , c o n d i t i o n  should
ogiro the02m ticsl \\* ’un cf* 4b'- 4 tho d irec tio n  of the jscatra© principal
stress*' I f  the direction o f  ©ospmsuiYe:stroso mss par&lleX
to : the longitudinal cm  o f th e 'cylinder the e:q.-ors:.,ontixl vslxus of 
angle ft mould Lo In  <m i gree; .on t  v.lt’a tiers® ' I s o  u c c f. f r i t  tic : ml . ..e r:f up 
' ©tresses on the 'cy linder end planes* the d irec tio n  o f -rmSnua; ccqpsreoisive 
■©trees* i s  -likely to he i r ' 5 *u* oiddsng t!s© 'thooratic&l planes of imrJauo.
rimer’oven fu r th e r  sraaovoi froa the arperl; en te l: angler- o f frac tu re  *
elm i& tenm tive to  a shearing fracture. i s  t 1 u o f t. t c e r i le  failure*  
from the osqmrlusnis imrToras&d In  ttis corfiguc:tIon of the I ro n ll  tm ty  - it 
onpaare ponufbio' to  ©stein such a  frac tu re  in  the nrma d irec tio n  on the 
applied. loo ;: ing and mill; the d irec tio n  of inttstaci ten s ire  s t r a in  at r ig h t  
angloo to th a t of tho applied lo a . iqg* She cpecicssn In  a f r a i l  to o t doo.o 
not f o i l  a t  tho 45° aside r.;0uired fo r  aboaring*
III orde fo r  the ulracrticii o f te n s i le  frac tu re  to  colncd&e miib 
the d ire c tio n  o f  imrhmjr corpses nive stress* - tho d irec tio n  o f the applied  
ntraco,©.ri a cy linder iqmcisBn uoulsi h a u t e  he / I re  angle ©f ( f i  ** 4 }° to  
the v e rtica l*  ■ I t  Is EUggeciea. th a t a t  f rac tu re  . a.hie o f  (DD ** Q)°
1 1 h i he equal to the  value o f the angle of e ta t lc n l  f r i c t io n  and th a t  
tho proportions of the fra c tu re  eonotj would the;; he delm sfrsu. only qy tdso 
mw-’-LtvSa of the f r ic t io n a l  proportion oi’ tho platsjv-spocl^ejj in te rfac e#  
the cpicor of these- fractur: 0 core;; r i l l  represen t a  fo c a l po in t 
f o r  tho surfacsc of te n s ile  strains* o rig in a tin g  &i the periphery o f the  
en d  f iu n o c #
f t  in clear that variations In the dsrenriono of the sgecioena
*y?f *
v'JJ ? a l t e r  t ie  rose ill ti.dcb tho ra id ru r  tensile s tra in s  heoooe porpeniieuler 
to  -tho ions l i t e r : 1 *a&c of ills upooirxa% i*c* t i n t  rx>rjc outside tho 
frac tu re  coneo* In concrete cubes te r  , -cevoro < o ften  tmvge *rU 
• faixuro roe place acrohc tee c p . r ' f o  eornorr of the apeebsen* giving-, 
a value of anple % equal to *H3te lain could-letav'-er.t the condition of a- 
high cttelo of f r ic tio n *  but it. i s  euppentea th a t  t i c  fra c tu re  io  l ik e ly  to  
no d ic ta te& bp tec Ehspe o f•the cute#
. In  tho concrete cu ter o ro rin te  crushed in  t r io  vxte; t i e
frac tu re  nnglcs pore co tIra ted  to.be.-cor step g rea te r teen  45% and
force the frac tu re  cores ro r  in  «q\i&ro**ns.oiiora& fpee iaers) *ml&
i s  tiruicated* .
iieeo  th in  e ffe c t leads to  &n irjxsogXete d is tr ib u tio n  o f  Icc&lug* 
i t  nap ho roco:xverdad tha t cun iitil te s ta  on concrete be gcrC oiroi upon 
sgaeieouu rd th  a p ro rte r  height to  r id th  ra tio#
in  t in  d ite t  of the abovey aieprc;u (c) in  figure <* in
crrurddexeu to bo o. fc i lu ie  ruteiorite.:;:. fox* caterictXc where tlx? f r ic t io n a l  
ro s io tru x j i s  very lor. o r  even sere# ib i s  map be tho case fo r  p leas o r  
veiy s iliceo u s specleer®* out in  certru jily  - not r  > ostdknatton f o r  tha 
v e r t ic a l  o p l i t t i r r  of concrete* iho l a t t e r  in  thought to  be occnoourea. bp 
the jare cones of ora o r  ra re  peinto o f eoneantrrted load* a ris in g  f r o r  e i th e r  
tec  zhrirfcttws o f tea  concrete o r the lo ca tio n  o f  bard ag^rogct:* p a r t ic le s  
near tha outface#
irocfu-o Ip  tho r.:achaniss rsorn  in  dingrptt (d) of fig u re  4 * 4~**X1 
i s  prebitdteXe* except th a t in  t id e  ceso tho rxl.ua:' of t h o  an;;In #  uo.ro 
lo v rr  than under f u l l  e :f  area lo.,. iir<> te te  rdpht bo an tic ip a ted  bo ecu so 
o f the additional. r e s t ra in t  provided 'by the g rec te r volix.n of state r i a l  
surroundins tho piston#
: Shu other feature of the o tents woo the presence ©f apparent 
shoaling craekc* ommxxmg a t  a  &aidb Icmer load then the eventual fa ilu re*  
hut n o t u sually  propegatinii to the periphery of the cylinder# In. ib© .
.care of tho gpee&sg&.c? flint* the t:r:le of.,thin cracking was 45°* the 
th e o re tic a l requirement • of. pur© shear* hu t in  o th er ap^elr-on© the values 
varied# I .  * lllleronce couldhe.attributed to -the difference i: vlr 
ty$&  of platens* with the uereu idfiorc csushij reduced frictional effects 
or by applying iso load the end pteio® aiffom itly by *te)lllngn. outwards*
I t  Xc possib le  th a t  iiz~~ c ^ c H j m m om nt th© a tto sp tod  
elongation of-.the cmd suxface o f tho  ; eeLnisim* in  a  a im ila r manner to  th a t 
describes in  * lu g is r  fo r  d u c tile  na te rin la#
$fce V iC o f  louring  i l lu s t r a te d  in  cliagix^ (a) oh «re 4# 
can be .oom&daxcd to  he tm ©sciension of type (&} fo r  tho purposes of promoting 
frac tu re*  llmre i s  no way o f  e lim inating  f r ic t io n  fr©:: tho m tc r ic lo  
considered* however m oh the contact area c f the loading in  reduced* Tims 
frac tu re  cones (o r triangles, bora) r i l l  s i rp ly  ha reduced in  also* w ith  
ru ight Jteexitens to th e i r  angular values duo to  the w ..of the
cpeciisens* Eventually the fra c ta l ' would nave the appearance* to  tee eye* 
o f ? to c tr a lrh t  line* Hals o rtsx  * c would t>o difficult to  achieve 
in  practice* sue to the way in which itca a* t r i a l s  defdm  t n  x loading#
Phe re s a l ts  of the typo of f ra c tu re  i l lu s t r a te d  in diagram (f) 
ere taken as cotelxxnaiioTrof the  prasenco o f  frioticm fcl re s is tan c e  a t  the 
plat.en-spoeir.on interface# Jit t i e  periphery of the in te rfac e  tho v e r t ic a l  
s tre s s  i s  inclined  to the t r io  duo to  the expansion of t i e  cpeciton* sM  
produces i t s  rau isu s  te n s ile  e train a t a  e rriu rab lo  angle to  th a t under 
f u l l  ana area  loading# I t  Cue inside cage of the r in g  p la tens the  
d ie re te rs  of tho cjxtoSs&n and tho stool p la tan s .noy rora&in constan t o r
even s l ig h t  raduco* In tho l a t t e r  coca too nr/\e:ne.n.t of the  apcoi&on 
wo'j’s be opposed tra the Ifoiuse o f  tb s  rsatoricl inside th is  diameter* end 
i t s  nagnitude loig-t bsr.of .&• $5xail:.r erf or to too t of the ntool o r  .a von less*  
l i e s  tho s&Xgtiye j^vq::eni bore *00 f i r  mocis'ioo end pl&feriB would-ho 
conai.ci01t.b ly  le s s  than a t  the teeeiaen  circumference* f id s  woalil reduce 
ary  f r ic t io n a l  oirennoo an a  conse^aaneo* and ton r  , s i t  h r; p rin c ip a l - 
cc irzLiiv® atresaer. t^x ld  produce frac tu re  cpproa'anng ro rticcX lity*
'.Finally* r;* curpnstlons .can bo chV cr:»i to eKpte 11 .V £ te clxsn
ohouM d is iu is   o x t fixture* ■ I'hlc auuaon release o f < t*;*" er
described no typo (g) in  Figura 4® 4****ZI* i s  a riioncmanort which would a e r ii  
f a r th e r  investigation# , -
(c ) S;inctn0 0 .;etitr; 5'too '
Do:' 5 ins. in  mind tho importance attached in th is  th esis to the 
influence of tee fr ic tio n a l properties upon fracture*: i t  would follow  that 
a crpericnn of fraetu;©- ot:ronftho woo invalid  whero the csechrrie hod. 
coffered a variable iniount o f polishing froa x^psated cowproanieru#
.u ouiiti nod in  Olrpisr 4* i t  was f e l t  that pin v„U why uninoted 
jspoeimim ou^gcrfci higher loaac* although i t  ou.-l l>o c.a. o ‘dcdred .teat 
te io  :offdot could a lto  bo produced, by the accumulated disturbances to the 
internal otrueturo o f the sp ec ific ' by repeated load.-:.op* ;
Iho relsfcionohip boiuuor ^-Xcten diaaoioi* a---u frao tu ra  1? 
in  also d i f f ic u l t  to  explain* I t  was not non .idle to  nannurti. the s t r a in s  
Insradiatcly under the p laters*  e rees t in  the coco of the h rar.il tea t*  no 
th a t iteac  oxperiraanis do ro t  contribute to  an unScsrctms&inE o f a  c r i te r io n  
of fa i lu re  in  is m s  of iui3cimw a tta in  values a t  fracture*
M  a  rem ilt o f tV r  vcrh* i t  touXd seasonable to  consider
tb s behaviour.of concrete or* :vci; in  u&i&d&X c  * t to  he G tediar 
in  ssany rorpocii;*-
till© sa in  differone© ©riel© in. tho ccjheeio: o f ik e l r  erhl plena©
under the  a c tio n  of the rad io ! te n s ile  s tra in s*  Ufes airmem>&mnticX
©traiti© o f  tlis e a t  plana© of both antnrioXes war© eppreeiabiy g rea te r than
those of th e  s te e l  platen:: in  tlio rpociran: i n v e n t i e i  ©Mint ir*
igmouo- sock these strain©  wore n a.s 13;,- c l i t i c *  in  concrete the p a r t ic le s
appeared to  separate jw im ro u ly  fr- n / t f t f ly  upon the ap p lica tio n  o f load*
I t  has boea a. ore te r t tho d is tr ib u tio n  of strain©  in  concrete
a t  •thin cxorso-soeiion Is  in t im te ly  onneetc?! with the a g ^ ^ to ^ s a i r iB
an'anyeaont, and tUiw in itjfird tc l.y  variable* iway ftcvxn the en:ic th in
re la tio n sh ip  Id no longer ine-ortast in  t h in  contort#
■ 3ikr.vovcr# tee  overa ll concepts o f defer* .ation and fra c tu re  appear
to  apply equally  w ell to  both concrete nnS. rock rmlericXs* a n !  nwoy free©
tho end©* the e la s t ic  deformation o f  both i s  of a  tdmilm* character* i f
d if fe re n t in  iryniitnCie*
I t  i s  the can ten i! .a  of th is  thocde th a t a  ©yalcm o f lo o iin f
th a t in  tru ly  eyee'etiienj. ~ t y  (even thou©h not equally  d is tr ib u te d )
m a t  produce dnfornxnion and fractim * which w ill  also ho ry  r a t r ie r l ,  in.
\
hoco-. oneour; c-ntorioic* In the un iax ia l co/:.prosyion or b r i t t l e  cy linders. ■ 
th in  cy.rjetry t r i l l  ,exclude tin  fzw:.cturo of npocib^m by dinyonal crocking, 
associated r i i h  a loSn^type fa ilu re*
f u l ly  e y a rs tr ie r l  loafing  io  un like ly  to  1x2 o f ton achieved in
•;>:* lice* seoopt 'by teX'cful cam co stly  preparation*
'Ibi^vor* rh e tb e r tlm homing In rgrretrieaX  01* nn t5 ugfoxcatlcn 
end f r a c tu re . aro c losely  commented v i th  IXm plgritm l gjoportden or the 
tmocirKKim3lotnr> in te rfa c e . or described below*
Xt; in thought ihr.i tire moot isr orient pvamrt^y ItwoIvor ic  that 
of the fr ic tio n  b oteon  the? cgecisde and the p l t i m  • Xlthouph tho 
«0foxmrt4on and ■ fractui^ vssy td&ely r iih  im  Xorlim; con&iiio&c* the 
frdcticnal rrenintrneo in hboafo lik e ly  to  to
BrciiUro of the presence o f iViciior*, t ‘:s d irec tio n  o f tho cgglmhi 
sminiEi* co. x o . : Ivo nirooa in  thorn yet to  to  inclined  -to tit® Xon£;it;rdtr:al 
nxiss.of tho porch., oi* Xt Ik p o ss ib le -th a t tho angle of th in  ;lnclina.tion 
r&chi 1x5 espial to  tho angle o f f r ic t io n  betrecr. the se>seino.n .and tiro plateno* 
On tli® rnrclimnn isnreotdg&toci* tlia ovMonco rrngpcuto th a t i n i t i a l l y  
th in  f r ic t io n  in  no m ro  tlv.r & hindrance to  t in  la io ia l  erjm m ion o f t!m 
end areao of tho eyllivjeiv* in  viov of thing the ©j^mnrinu p la ton  . 
re. 5 im e-; 1, cm  ; 'mod to  bo no'm cppxxednto ikon the ra re  cwraor. 
alternative o f pl&tsn mtM%ilni# tho imp n itum . o f th in  rordotareo r i l l
climya 1m dot sr. ham by tho nyiiac© eon tiifoen  o f  the  npecstan and d i r  
pit ho c*
him interpretation o f  tlia ax? su ite o f the fm n il tea ts  io  l in t  
tho rodionlm: of fracture in  b r itt le  jeatoridlo in by tho p^odnction o f  
te iie lle  a train.0* idioro norim occur close to  tire points o f rep lication  
for  a conceit,rated lonv.* end vhcap directions or,; at right an,/Ion to the 
direction o f the rrodnun co: proarive ctrcr.n*
If*  in  tho eenprerxdon of a cylinder* t.-l:, atixaay in  inoidoolg 
thsapeeir& n r i l l  f rac tu re  by tlm fom ntion  of' end e rr;;: o r  pyramids* 
kbi.so coron r i l l  bo truncated i f  tine cy linder length  doer not o llo n  core;leto
6. v bo; vit* • -Aliy rm^ion  of tbs .npectam boiuma tho end error r d ll  
f a i l  "by ~ X ebeC'WIP®'
I f  the sisilic’2. distributed sires:; i s  pzzt&lvl to tho Xoi'!pitedlr;£l 
aciisor c  rpoc;tan# Im lylnr 1x21 dbsor.ee: o f friction* tk& specimen w ill  
fracture cc^ X eiely  bp a r le l cle&ve&c*. more ermnipmnit of crac&s 
w ill  dosoyid upon ■ the cyraotiy of Xosdirg* lbs - v -  -* corm cecim  o f
glass cylinders iroy be pieced in in i-  category*
A ed u c tio n  in the content urea o f tbs platen Xotelrb; w i l l  dsemuse 
tho bass o f the ote emos» Ibr a given length of npooin.Pi;. lo in  m i l  
ineroroo i b  portion of the enfdteor involves in  blur ariid  elesvuge* In 
the ertm ve esoo of |ubute loiurteg the nine of 'there eui concn r/vg Ip reduced
to on lTisignteIciui.i ^foporiion' of tho q p scten  • Ion, 1 h* Vbe fr;-f:rn c o f •
care eoTXjrote specimens In;: cj&al eiefvago iliTuurheui ss&y be attributable  
to ter cxvncantiption of ntroon at ir.divZ m 1 potato os tho concrete surfaces* 
throe points eouXa. bo ctaic'-;!. by the oibitrnip pec-oncs of &g:;£wgtte p artic les  
o f . Uiph o volte in  r. m tr ix  cf lorrr value*
f t  ie  rag .^oetod. that upon in i t ia l  looting. the porter tor of a
ageetem lui;ote.ateip afpaconi to a aircX plat on of cr-url rvu sennx; roic  
than the rmbterter.further i i m  the platen* Ac tin; 1© tap i s  lucreaaod 
in is  cituntion in mre , giving telee 'to a brrrelteug of.cot,*. . ’Shin 
barrelling m i l  increase tho cor nor angled in  the ee l inner to greater limn 
f f Jj5 am th is  ray Iifloenco the rffi.ydiude of tho t te c ilo e a l mmtetemm* 
tiller  the notion of pltecmu of reduced arm th is  bci'r;.:l‘t:I.np: ‘r i l l  be. in itia ted  
of tho a:kr$ o f the pl©temn* givteg r.b e to teuv:it.efbmX te n s ile  strains on 
tho surface ©round ten m oetete cuds* .
I t  tern I>cdu demonstrated that cm the contact arm of t ie  lormlng 
in  reduced tho longitudinal cub. elxtuuforentil.Li rtrueru of tho cylinder ends
cuffor cor.s^uorrt r&dueiicns* fid s io llo r s  the r^saral concept of a load 
being iransfeTstil to  & largs-r. cpoe&sen at on fmrlo to i t s  afi"octioa o f  
application* m ine of .11:1 s d istribution  angle iscy ho associated *c7ltli ■
ilie direction o f t:nnixom thimnlng ctress*
An iszgortmt eennoeiisnco of th is  ef fect  In that on iniaeieeietl 
edu ction  in. the contact cma o f loading m y be % r  ‘g 2y interpreted m  
f r i l l  v t l  r s a lttc n e e  by t T~ g lc ton  upon the ngostn rn
A q u an tita tiv e  analysis of this. aiotylfouiian. angle fo r  concrete 
apoeSraer.c in a ld  bo r a l  * to .the re * or of loecl on to  concrete bsisns and 
founl&t&cms*
Outside th is  m m  o f  diotrih-ution txerU.n *1 cibooo tlr « icfc of 
strain a t 'E point on the cxzrf&co o f the sgshiren is r a value vflii&i io  
constant for  a given 2cm p irrespective o f tho contact area o f  tho loo.d3.rg* 
dberofore$ vhorc inaccuracies of losing;: occur due to lacf: of nfeeirrae* 
platen contact* tin  rnrnaoineni o f d ofor .iti- ne.l p jis ir tln c  rsy  s t i l l  bo 
conducted v/ith c^ourr.cy over tho greater part o f tho gneelsnn baicJrU
Xt has boon cb'irvou* in  cosssoa vrlth other er "iaontsrs^ thst  
ihnaisus la tera l strains can occur at too crotc-soctions along tho length o f  
the sgncinari* I t  i s  possible that there in&xixm m y coinelao m ih  tho 
pooitlnnh o f tho apices o f too fracius.'c cores* Xt thin in  so® tho cone a 
thus iberod v/ould contain ban-' angles o f about 61° In tho case of tiro 
Ibnraonnovr granite simcineris*
■* *X}.v5 nedinnlrs: xinrohp those jr,critr^ . occur has not beanfuXly
iinraatlf'atodj but i t  any he a sso c ia te ! vdth the rngolutioB of tho inclined  
ten sile  strains Into the raair.l direction*
the rsunlin of erporlireTdo onnlsning su b tle, ton nateriaXo Indicate 
thst both rubhor and lvX*f#l* hove m\ e f fec t  cauividout to  xcfu cin: tho
contact cron of 1 !  lousing pinion* dig production of w j . i l  cleavage 
fe;cIupDc tinl.cn rubber v m i la  therefore be ird tlstel ly a control c o m o n i m t o d  
load oyoior ere.mating mitloaf the eastern ey friction« nor failure to occur 
ly rqvugnlng cut of the rubber the car; hoop strainsnrrues ho cumaeied to 
bo grantor t l r r  in a normal tcetj .but tiny ten; found to bo much reuucad*
It In Giignonbli that a iruo neuoenin:. out n m lc L  p r o d u c e  on of Hot 
sim ilar to t in t  of t ie  ring platorm blr eeunmtg cirealar Bpaliirs! m ^oit 
the cireusdoronoo of-'tho end pXmrrs* .'
Ibcro In norm evidence to n i l s  use o f plgraad nuls^Iatem*
Kovsivcsr, i t s  e ffe c t  Is  not to reduc© fr ic t io n  m e  no equilin.e t ie  stioecon  
077 tho am m f fa t oixnly to promote a locator rymritxy of c *
It. me. fom! tin. may fetes the variation caumll ap tha end of foe to, 
b o i l  tbs I c rm li ia lm l  rind t lm m s  i r r i t i n X  steed.m o f t i e  Irvomorzmrr reel: 
ha-', a  a im e r  r e t e l l ; nr f i n  r i t h  1dm applied  r.tram  up i s  f rc f tu re *  Voluao • 
or the  loungb; rm o lm  f o r  t i le .  id!, r. v c ile ty  of e th e r  r r e l  iysou ore £- :ivon 
In I m otor <h
.. g f * m ,*,;  H-.....fl
"ft noons possible that the uniaxial cmrremlon toot'la really a 
ana cum of the tsnnUo airoryfih o f  briiilo  rrtcrinln* art therefore i t  in 
advfmllo to emo!,lor lie; nealtbm relative to tie; tootlco of eorcrolc?*
In be; 1*1* 'fee qucli: y of concrete is. cuioooccm v iih  rofotonco 
to  11:1; form of lo st o.s cubical apoclTnonm In tils.; to st tie; variations 
of load trareier and fricielensl. pronneties vllm prelum eloviciiann fro;:.: a 
grander!, value for- fir; croohrln;; strength. lltlm:;;;.!. ihm r verier isms nay 
In foprooe.tei In tin  theorist, tiny ore toe coco!.of sort of tho ccnrm uirl
testin g  of concrete* ■
'' -unless' or Asytoved alteireutiw  can bs ea s ily
substituted there co-css m  rcfcron to  abandon Hie cube iecW  ‘ boo© &«eh 
a ltc r n a ti^ s  auy m  stt'SoarAscd or follcwat"* ‘
(a) A ■ Ion^turning of the rpcei sr- to prase- ey ries or cylinder doss 
roiMng to avoid the d;f/Aeudt2 S;i at if,, pXeion Anierfaasj and 
prouclxly Irorossss tlu per1 f i t  Idty o; ocar/iiirlo loading* ■ w p 
■for ronrinroeostu of A A‘otmiirnal prop,; 'tixs r lappra sgoelscn i f  to 
be preferred •
'(b) ino use o f ititeiiuoclifrte mB^pltdon% Ancdufins the  ond~e&ppteg
o f  cyliidlorn* As mtiteiily to risylily i*:s Act 1 Utuiufcr i.oSizx$tmx$ 
i :Xfhurph vrilh corf'An ico-tapialx i t  ray AsproVo Ado eg ,retry o f i t s  
di? '.iriTjxition
(c) the rcr.osinxsnt of tenrdlo strength iixui a bandog toot i f  
tneorciic\O.Xy xoro rd irach ivep :u i tgxdUl prove noro e a s ily  than a 
crubs tent* and As not t&thoui i t s  ov?n uraefcieai d if f ic u lt ie s  of
. lo su  tcsosTer
(d) ' , flit Arul* eat m silo  Ax t  rry bee-aso accosted, as a standard 1.. t #
isfl ray fee m 1 px\>va3 snt upon the cubs tout* Jlowmmsy i t  rd rAId bo 
'cboarvod tost tho 3-oaA As boisr  ^ tranafexTed along a lino of
iu o tly  lioi20£pnao'uu to&teyiaX* and t i l l  1x2' srabdeet. to dof<xn:;atioro 
of a vrnclcll© ehsranl.r ■
(a) A  point Xeroxing tort of sous type could be ix*vaoti^.toi9 bu t At in
d if f ic u lt  in practice to support a apoeAwsi ©ceuraixsZy ootsoon point n# 
An i:,:provorant night lx'5 to ir.troduc:© the points into the npoeloury 
y&lch cun bo done n it s  an a r t if ic ia l  rceterl&X* I f  the cube m olds  
' im lni-xi oaalX gyrsnlas or cones cxttachcd to iso  opposite cibes* the
eor.crotc csvii la is r  be co.aaooued fcstv«?i; platons of cim ilorl^
g o io io d  obra-so* : t m  p r& cd io tl a lib ic o X iio o  o i l  develop ing  euah p. 
z.ss&tc;; r:sc ro t  iTleo  ^alterable, >-Ui the i:r...i t;o;.iiu 2iavs t ie  narit o f  
r?'qwlxMr,p coif, a  ootid tsasaissnfc to  planoat p rsc tie s  
( f )  , f to  i r i o o l s l .too t inoorgorsioo.i3:o oooao- dor rsuuclng t l a  e ffo o i ;
of ei.b conditions, a rb  itr . odvoaleren a te  obvious x b rffo stn teh  footing* 
bovrover* it. fa oca ibotndil lik e ly  ilm i i t  v&ll ^axsm an acceptable 
cotz-orcit-J. cltorontlv© to  t in  n ip p le , cub;.? toot* ©loco i t s  ieclm ical 
a&witfcfpn neg i s  oatostghoi Itf t la  Iciigo fiiiOitoial coooiinrmtiosr;.
Ik conclusions iloidbooo.. i t  in a c to c f is if s i  thot^ fit l i e  pro sent 
t i  e* i f  sown iviff-sslblc to' rogfgoat an itgt'tyved sotted o f oo...aso}irig too 
strength of c:oocioto^ tbdxb could bo sogaraod as ot broaiiato cadi 
eo:xno'td.al oliearrAiivo to  the trrueaiaI  cnxgseopiori test, on cub®;;#
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